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PART 1.—ORGANIZATION, 


31-1. The Bureau of Engineering is responsible under the law 
for tbe maintenance, material supply, and construction of the 
Coast Signal Service, and funds are annually appropriated to it 
by Congress for this purpose. 

31-2, The Coast Signal Service comprises all mediums of rapid . 
signaling operated by the Navy for the exchange of communica-— 
tions between the Navy Department, the Naval Organization on 
shore, and the Atlantic, Pacific, and Asiatic Fleets and their 
auxiliaries, including aircraft, 

31-3. The functioning of the Coast Signal Service is effected 
through the Naval Communication Service. The adininistration 
of the Naval Communication Service is under the cognizance of 
two Bureaus, namely: 

(1) Bureau of Navigation, for personnel, and of the Office of 
Nayal Operations (Director Naval Comniunications), for 
operation and traffic. 

(2) Bureau of Engineering, for maintenance, material supply, 
and construction.? 

31-4, The instructions contained in this Manual will cover only 
Inaintenance, material supply, and construction under the cogni- 
zance of the Bureau of Eugineering, which includes the establish- 
ment of new communication units and also matters pertaining to 
investigational, research, design, and development work, patents, 
requisitions for and manufacture of equipment, inspections, in- 
stallation and testing, alterations and repairs, the preparation 
and distribution of technical instructions and data covering the 
eare and operation of radio aad sound apparatus and other com- 
munication facilities. 


*The Bureau of Yards and Docks assists in connection with architec- 
ture and construction contracts. 


Maintenance 
aud operation of 
Coast Signal 
Service. 


a oast Signal 
rVviee. 


Administration 
of Naval Com- 
munication Serr- 
ice. 


Scope of Man- 
al. 
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Commonication 31-5, The communication activities under the Bureau’s cog- 
activities, nizance as outlined in the preceding article can be grouped under 
four general heads, namely : 

(1) Radio—Telegraph, telephone, compass, beacon. 

(2) Sound. 

(3) Homing pigeons. 

(4) Land lines—Telegraph, telephone, eontrol, comprising part 
of shore communication stations. 

tau cmmanication 831-6. These communication facilities are depended upon by the 
Navy, either wholly or in part, in connection with all ship, shore, 
; and aircraft activities. 
usin Ee 31-7. The mission of the Bureau of Engineering, with respect 
neering. to these communication facilities, is: 

(1) To prepare, provide, and maintain. in condition for con- 
tinuous efficient service these mediums of communication, so as 
to meet the requirements of the Fleets, in order that the latter 
may be efficiently and economically managed in time of peace, and 
eficiently maneuvered in time of war. 

(2) To aid in the preservation of life and property at sea and 
in the air. 

(3) To serve other governmental activities and the general 
public within the limitations imposed by Congress. 

Radio Divi 31-8. The administration and functioning of the Naval Com- 
ston. munication Service, with respect to maintenance, materfal supply, 
and construction, is effected through the Radio Division of the 
Bureau, the organization of which, and the personnel engaged, 
under normal conditions, being indicated in Figure 31-1. 
Pelegation of 31-9. Many of the units ecmprising the Naval Communication 
authority af i" Service are situated in widely separated and isolated localities. 
Complicated machinery and apparatus are installed at these sta- 
tions, and they require the attention of skilled mechanics, To 
meet its responsibilities mnder these conditions certain material 
and maintenance activities are delegated to the commanding 
officers of ships directly, or through the commander in chief, and 
to commandants of designated navy yards for accomplishment by 
the radio material officers attached to the yards. 
tssienment of 31-10. Yards at which radio material officers have been as- 
* Reers. mate signed and the territory to be covered by these yards for com- 
of yards. munication maintenance, material supply, and construction ac- 
tivities are indicated below: 

Radio material officer, navy yard, Boston: First naval district 
excepting the navy yard, Portsmouth. 

Officer detailed by engineer officer, navy yard, Portsmouth: 
Within the limits of the Portsmouth yard. 

Radio material officer, navy yard, New York: Third naval dis- 
trict and, in addition, the West Indies (assistant to Radio ma- 
terial officer, navy yard, New York; for West Indies, San Juan). 

Radio material officer, navy yard, Philadelphia: Fourth naval 
district. 

Radio material officer, navy vard, Norfolk: Fifth naval district, 
excepting activitics along the Severn and Potomac Rivers. 

Radio material officer, navy yard, Washington: Activities along 
the Severn and Putomac Rivers within the fifth naval district. 
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Radio material officer, navy yard, Charleston: Sixth naval 


district. 
Radio material officer. naval station, Key West: Seventh naval 
district. 


Radio material officer, naval station, New Orleans: Highth 
naval district. 

Radio material officer, ninth naval district, Great Lukes: 
Ninth naval district. 

Radio material officer, navy yard, Mare Island: Eleventh and 
twelfth naval districts. 

Radio muterial officer, navy yard, Puget Sound: Thirteenth 
naval district. 

Radio material officer, naval station, Pearl Harbor: Fourteenth 
naval district. 

Radio material officer, fifteenth naval district, Canal Zone: Fif- 
teenth naval district including naval radio stations in the Republic 
of Panama. 

Radio material officer, naval station, Cavite: Sixteenth naval 
district, including the Peking and Vladivostok stations. 

Officer detailed by engineer officer, naval station, Guam: Within 
the limits of the naval station, Guam. 

Officer detailed by engineer officer, naval station, Tutuila: 
Within the limits of the naval station Tutuila. 

Supervisor, Trans-Pacitic high-power circuit, navy yard, Mare 
Island: All high-power stations within the eleventh, twelfth, 
fourteenth, and sixteenth naval districts comprising this circuit. 

Correspond- 31-11. Correspondence relating to communication maintenance, 
ence. material supply, and construction will be direct between the Bu- 
reau and commandants of maintenance yards except in connection 
with vessels at sea. In the latter case, correspondence will be 
direct between the’ Bureau and the commanders in chief and 
commanding officers, copies being forwarded to the commandants 
of the vessels’ home yards, and to the responsible unit commanders 
in the fleets. 
Provisions 91-12. The Bureau will cause to be maintained, under the in- 
made for opera- dustrial department, machinery division of these designated yards 
and stations, and at other points as may be necessary, adequate 
facilities for radio material officers to insure the provision, func- 
tioning, and coordination of the communication maintenance, ma- 
terial supply, and construction facilities of the Naval Communica- 
tion Service. 
Function of 94/18, The function of radio material officers is to supervise 
radio materta! 
officers. and coordinate all maintenance, material supply, and construction 
activities in connection with radio, sound, pigeon, and land line 
facilities relating to ship, shore, and aircraft communication serv- 
ice within the territory assigned by the Bureau to the yards to 
which they are detailed. It is the Bureau’s desire that all person- 
nel regularly engaged in communication maintenance, material 
supply. and construction work—that is, radio draftsmen, assistant 
radio inspectors, radio inspectors, radio laboratorians, radio aids, 
sound aids, pigeon experts, etc.—report directly to the radio mate- 
yial officer in connection with research, design, manufacturing, 
testing, installations, tuning; in general, all communication main- 
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tenance, material supply, and construction work for which the 
yard is made responsible by the Bureau. Manufacturing work car- 
ried on in shops by other than communication personnel should be 
subject to inspection and approval by the radio material officers 
prior to its acceptance for service. 

31-14, The duties and responsibilities of radio material officers Duties of radio 

material officers. 
are: 

(1) (a) To supervise and direct the activities of the radio labo- 
ratory and the work of the radio laboratory and field 
personnel. 

(b) To cooperate with other departments concerning the 
prosecution of work for, or affecting, the communi- 
cation service, which may be carried on in other de- 
partments or by other than communication technical 
personnel. 

(2) To maintain the shore communication stations assigned to 
their yards in condition for continuous efficient operation, making 
necessary arrangements to utilize the station personnel for this 
purpose as far as practicable without interfering with their oper- 
ation and traffic or other duties. 

(3) To perform minor items of repair work, tuning. ete, on 
vessels in port upon the request of the commanding officers, and 
major items of alterations, repairs, etc, as directed by the 
Bureau. 

(4) To supervise the initial installations on vessels and air- 
craft at builders’ yards as directed by the Bureau. 

(5) To perform minor items of repair work, tuning, etc. on 
aircraft as requested by the commanding officers of air stations 
or other proper authority, and major items of alterations, repairs, 
etc., as directed by the Bureau. 

(6) To supervise inspections of shore communication stations 
over which they have jurisdiction. Radio material officers will 
make at least every alternate quarterly or periodical inspection 
except when authorized not to do so by the Bureau of Engineer- 
ing. Two or more consecutive quarterly or periodical inspections 
of shore communication stations will net be made by the same 
yard representative, other than the radio material officer, unless 
authorized by the Bureau. 

(7) To make recommendations as deemed necessary to main- 
tain these stations in condition for continuous efficient operation. 

(8) To furnish estimates covering expenditures in connection 
with: (@) The ordinary maintenance, material supply, and con- 
struction of shore communication stations, (5) repairs, (¢) altera- 
tions, (d) the establishment of new stations, which come under 
the jurisdiction of the industrial department, machinery division. 

(9) To obtain estimates covering expenditures in connection 
with shore communication stations from other departments having 
cognizance of work contemplated. 

(10) Tu maintain close supervision of all expenditures made 
from funds of the Bureau of Engineering in connection with the 
Naval Communication Service within their territory to the end 
that the service may be maintained as economically as possible, 
consistent with efficiency, and that overexpenditures of allot- 
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ments do not occur. This will involve cooperating with the 
Accounting Officer and estimating costs where actual figures are 
not immediately available. 

(11) To cooperate with the Supply Officer as regards the stock 
of communication material and equipment required and on hand, 
to the end that sufficient material and equipment may be available 
to meet the requirements without involving unnecessary purchases 
or carrying excessive quantities of material and equipment in 
stock, particularly that which may become obsolete, and prevent- 
ing deterioration of equipment due to improper care while in 
storage. 

(12) To cooperate closely with the district communication 
superintendents to insure continuous efficient service and economy 
of cperation in matters other than personnel and traftic. 

(13) To confine expenditures in connection with communication 
matters, over which they have supervision, to the projects author- 
ized annually and to the authorized expenditures under the main- 
tenance allotments as appropriated and authorized. 

(14) To cause to be carried on such research, experimental, 
development, test and other work as may be assigned to their 
yards from time to time by the Bureau of Engineering, 

(15) To direct the maintenance, material supply, and construc. 
tion of shore communication stations, by correspondence or other- 
wise, through the officers in charge and the personnel of the sta- 
tions. furnishing copies of any correspondence to the district com- 
munication superintendents having jurisdiction over the stations 
for operation and traffic. 

(16) To prepare correspondence addressed to officers in charge 
of shore communication stations, and others, regarding other than 
routine matters for the approval and signature of their immediate 
superior. 

f1T) To assign competitive marks to shore communication 
stations based on the condition of the station as indicated by the 
service rendered, the economical operation of the station in mat- 
ters of material and the general condition of all material at the 
stations as disclosed by the inspections. 

(18) To pass on all requisitions and requests for supplies or 
services at shore communication stations which involve expendi- 
tures under the appropriation “Engineering” and to obviate 
unessentinl expenditures, 

(19) To provide instruction for the personnel of shore commu- 
nication stations with reference to maintenance, material supply, 
and construction subjects and also for the communieation per- 
sonnel of ships in port when so directed. 

(20) Te coordinate all communieation maintenance, material 
supply. and construction work relative to radio, sound, and pigeon 
facilities utilized hy the Naval Communication Service in counee- 
tion with ship, shore, and aircraft activities, within the territory 
over which they have supervision. 

(21) To arrange for survey of worn out or damaged material 
and equipment, and for its replacement where necessary and 
authorized, 
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(22) To inaugurate methods of procedure for carrying on the 
detail work as regards maintenance, material supply, and con- 
struction matters between shore communication stations and their 
maintenance yards. This will include routine correspondence and 
reports, establishment of allowances of expendable supplies for 
the various stations, shipments and deliveries of material and 
supplies, inventories, records, ete. 

81-15. Activities in connection with communication maintenance, 
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; ; . 3 , 1 i 
material supply, and construction matters involving action on tne ae 


part of other Bureaus or agencies of the Department or other gov- 
ernmental agencies, wil) be handled in conjunction with or through 
the agencies (or their representatives) having jurisdiction. For 
example, the Bureau of Construction and Repair for ship con- 
structural work, the Bureau of Yards and Docks for public 
works, the Bureau of Aeronautics for aircraft installations, the 
Major General Commandant for Marine Corps communication 
activities, the Bureau of Lighthouses for light vessel installa- 
tions, district commandants and commanding officers of outlying 
activities for administrative purposes, etc. 

31-16. Communication maintenance, material supply, and con- 


Activities with 


struction matters in connection with ships are handled in the fol-ships. 


lowing manner: 

(1) Initial installations on new ships are made at the builders’ 
yards under the supervision of radio material officers of desig- 
nated yards prior to the commissioning of the vessels. 

(2) Maintenance and repair work and tuning on ships in port 
will be accomplished by radio material officers upon request of 
the commanding officer. New installations, alterations, or ex- 
tensive repairs will be approved by the Bureau of Engineering 
prior to undertaking the work. 

(3) Work on ships at sea is accomplished by radio officers, or 
as directed by the commanding officers, the commauders in chief, 
or unit commanders through the commanding officers, 

31-17, Communication maintenance, material supply, and con- 


Activities with 


struction matters in connection with communication units on shoresbere units. 


are supervised by radio material officers of yards to which the 
units have been assigned for maintenance. 

31-18. Communication maintenance, material supply, and con- 
struction matters in connection with aircraft activities based on 
shore are supervised by radio material officers of the yards to 
which the activities have been assigned by the Bureau. Radio 
material officers, in such cases, act as the liaison officer under the 
yard and district commandants and the commanding otiicer of the 
air stations. 

81-19. Communication maintenance, material supply, and con- 
struction matters in connection with aircraft at sea with the fleet 
are supervised in a manner similar to that followed for ship sta- 
tions as outlined in article 31-16. 

31—2u, All tests and experiments in connection with communi- 
‘ation apparatus and facilities will be conducted as directed by 
the Bureau of Engineering, care being exercised always to 
avoid any interference with operation and traffic matters under 
the jurisdiction of the Director Naval Communications, 


Activities with 


alreraft shore 
units, 


Activities with 


alreraft af sea. 


Teste. 


31-12 CHAPTER 31, 


Activities 31-21, Communication maintenance and material activities 
afloat. afloat are under the jurisdiction of the commanders in chief, force 
commanders, squadron commanders, division commanders, and 
commanding officers in the order named, who, in turn, may dele- 
gate the detail work to the officers assigned to radio duties. 

31-22, The administration of the maintenance, material supply, 
and construction work of the Coast Signal Service, as regards ex- 
penditures, is effected under a budget system. Recommendations, 
with estimates, are submitted to the Bureau, periodically, from 
which the funds required for the annual routine maintenance, 
material supply, and construction of individual communication 
units are determined as ure those required for other than routine 
repairs, replacements, alterations, and the establishment of new 
units. 
pendienen ex- 31-23. The annual program of expenditures, which absolutely 

limits the expenditures for all communication maintenance, mate- 
rial supply, and construction activities for a fiscal year, is made 
up as follows: 

(a) Recommendations for the annual Alaskan Radio Expedi- 
tion covering other than routine repairs, replacements, altera- 
tions, and the establishment of new shore communication units in 
Alaska, These recommendations should be in the Bureau not 
later than December 1 of each year. 

(6b) Recommendations for the annual routine maintenance, ma- 
terial supply, and construction of individual shore communication 
units. These recommendations should be submitted by all mainte- 
nance yards so as to reach the Bureau not later than March 15 of 
each year. 

(ec) Recommendations covering other than routine repairs, 
replacements, alterations, and the establishment of new shore 
communication units to be submitted by maintenance yards for 
all shore communication units (other than the Alaskan stations), 
These recommendations should be submitted by all maintenance 
yards so as to reach the Bureau not later than March 15 of 
each year. 

(@) Recommendations by commanding officers of ships cover- 
ing allowances required for expendable communication supplies 
for their vessels, and also aircraft which may be attached thereto, 
and repairs, replacements, alterations, and new installations, 
These recommendations should be submitted through their inmme- 
diate superiors for forwarding to the Bureau through the vessels’ 
home yards so as to reach the Bureau not later than March 15 
of each year, 

(€) Recommendations by commanding officers of naval air sta- 
tions covering allowances required for expendable communication 
supplies for aircraft assigned to their stations, and repairs, 
replacements, alterations and new installations. These reecom- 
inendations should be submitted through the yard having juris- 
diction over communication maintenance. material supply, and 
construction activities at the air station, so as to reach the Bureau 
not later than March 15 of each year. 

Peer ee works 31+24. Funds for public works projects in connection with 
shore communication stations.are allotted to the Bureau of Yards 
and Docks for accomplishment under contract or by utilizing 
labor and material of the stations’ maintenance yard. 


Coast Signal 
Service budget. 
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31-25, Ordinary repair and preservation work at shore com- Repairs. 
munication stations which is under the jurisdiction of the 
public works department will be accomplished by that depart- 
ment under the stations’ maintenance allotment when so directed 
by the commandant. 

31-26. It is the Bureau’s desire that close cooperation exist Cooperation 
between the public works department and the radio material heincen, | public 
officer in connection with all public works matters pertaining tomatertal officer. 
shore communication stations and particularly as regards the 
plans for new work and expenditures authorized from this 
Bureau’s appropriation. 


PART 2.—SHORE COMMUNICATION STATIONS, 


31-27. Shore communication stations comprise all communica- shore stations, 
tion facilities established on shore and operated by the Naval 
Communication Service, including light vessels equipped with 
radio. 

31-28. The Bureau of Engineering is responsible for all eX- pureay respon 
penditures pertaining to the grounds, buildings, antenna supports, sibility. 
ete.; the improvements in connection with shore communication 
stations and the establishment of new units in the chain of sta- 
tions of the Coast Signal Service. 

31-29. Maintenance, material supply, and construction activities Shore activi 
on shore are directed by the Bureau through navy yards andties. 
naval stations designated as maintenance yards for shore com- 
munication activities to which radio material officers have been 
assigned as assistants to the engineer officers under the com- 
mandants, 

31-30. Shore radio and pigeon stations which are situated giations with: 
within maintenance yards will be administrated for maintenance, in maintenanco 
material supply, and construction matters in the usual manner by™" es. 
radio material officers under the authority of the engineer officer 
and commandant. 

31-31. Shore radio and pigeon stations which are situated gtattons with- 
within naval air stations will be administrated for maintenance, he naval alr sta- 
material supply, and construction matters by their maintenance . 
yards. The radio material officers of the maintenance yards will 
act as joint liaison officers under the yard and district com- 
mandants and the commanding officer of the air station for com- 
munication material matters at these stations. 

31-82. Shore radio and pigeon stations which are situated out- Statlons eats 
side of the limits of the yard to which they have been assignedstde yard, but 
for maintenance, and which are not within the limits of a naval ituin naval dis- 
air station, but are within the limits of a naval district, will be 
administrated for maintenance, material supply, and construction 
by their maintenance yards, the radio material officer acting as 
the radio material representative for the district commandant. 

31-33. Shore radio and pigeon stations which are situated out- Stations onte 
side the limits of maintenance yards to which they are assignedstde naval dis- 
for maintenance, and which are also outside the limits of air! 
stations, naval districts, and Marine Corps detachment areas, will 
be administrated for maintenance, material supply, and construc- 
tion by their maintenance yards, the radio material officers in such 
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cases acting as the radio material representative for the com- 
mandant or other officer having jurisdiction over the stations in 
question. 

Stations part 381-34. Shore radio and pigeon stations, other than strictly 
of Marine Corps nortable or field stations, which are established as part of the 

activities of a Marine Corps detachment, and which are designated 
as forming part of the chain of coastal communication stations 
of the Naval Communication Service, are assigned maintenance 
yards in the usual manner. These stations will be administrated 
for maintenance, material supply, and construction matters by 
their maintenance yards in a manner similar to that followed in 
connection with other stations of the chain of shore communica- 
tion stations, the radio material officers in such cases acting as 
ihe radiv material representative for the officer in command of 
the Marine Corps detachment. 

afield ane, of 31-35. The Naval Communication Service is not directly con- 

cerned in the portable or strictly field communication stations 
owned, maintained and operated by the Marine Corps at marine 
camps or in the field, therefore the Bureau is not responsible for 
maintenance, material supply, and construction matters pertaining 
to such stations. Communication material and equipment, including 
homing pigeons, required by the Marine Corps for use at such field 
stations, however, will be supplied by the Bureau upon request; 
payment for such material and equipment, excepting homing 
pigeons, to be made by transfer of funds. Homing pigeons fur- 
nished the Marine Corps for use at field communication stations 
will remain the property of the Bureau, to be returned when their 
services are no longer required. 

Light vessel 31-36. Light vessel radio stations are assigned maintenance 
radio stations. Yards in the usual manner and will be administrated for mainte- 

nance material supply, and construction matters by their mainte- 
nance yards in a manner similar to that followed in connection 
with other stations of the chain of shore communication stations. 
Radio material officers will act as the radio material representa- 
tive for the district commandants and cooperate with the Bureau 
of Lighthouses district superintendents having jurisdiction over 
the light vessels. 

31-87. Maintenance, material supply, and construction work at 

Repairs by + . * . . : 
shore. stationShore communication stations will, when required, be performed by 
personnel, station personnel in accordance with orders issued by the radio 
material officers and in accordance with the general approval of the 
commandants or other officers having jurisdiction over the station 
personnel, 

81-38. Care will be exercised by radio material officers with a 
view to having minor items of work within the capacity of the 
station force performed by the station personnel at all stations, 
without interfering with their operation and traffic or other 
duties, rather than incurring the expense of sending working 
parties from the maintenance yards or awarding contracts to 
local firms, 

Expenses of 31-39. The expenses of the offices of district communication 
superinteadents. Superintendents, Pacific coast communication superintendent and 

Philippine communication superintendent will be paid from the 


Minor repairs. 
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maintenance allotments of the district center station. The ex- 
penses of communication offices at navy yards and stations will 
be paid from the maintenance allotments of the radio station at 
such navy yard or station. 

31-40. The radio material officer attached to the industrial de- Supervisor 

partment, machinery division, of the navy yard, Mare Island, will heh power ee 
perform additional duties under the commandant, navy yard, cult. 
Mare Island, as “ supervisor, trans-Pacific high-power circuit.” 
This circuit will be designated for this purpose as consisting of 
all high-power radio stations (100-kilowatts and above and their 
controlling stations) in the eleventh, twelfth, fourteenth, and six- 
teenth naval districts. These additional duties will consist of 
acting in an advisory capacity to the Bureau of Engineering and 
the maintenance yards and stations concerned, with a view to 
coordinating all material matters in connection with the mainte- 
nance in condition for continuous efficient operation of, and im- 
provements to, the circuit. The supervisor is not authorized to 
make expenditures, 

31-41. Officers in charge of shore communication stations are Responsibillty 
responsible for the proper care and preservation of the property chateo, heen in 
comprising their stations as well as the efficient functioning of tion. 
the equipment. Every endeavor must be made to operate the 
stations as economically as possible consistent with efficient serv- 
ice, cleanliness and preservation of Government property. 

31-42. An inventory will be kept available for inspection of all 

public property at each shore communication station, radio labo- 
ratory, and sound laboratory. The inventory will include de- 
scriptive data, means of identification, and cost or valuation, prop- 
erly arranged by classes as land with roads and walks, fences, 
antenna supports, buildings and other structures, household and 
oflice furniture and furnishings, apparatus, tools, vehicles, ete, 
This inventory will not include expendable supplies, but a sepa- 
rate record of such supplies showing periodical receipts and ex- 
penditures will be kept at the stations for observation and 
checking. 

31-43. The officer in charge of a communication station will be Accountability 
held accountable for all Government property belonging to his Shares of a" 
station or placed under his care by proper authority. He will tion. 
receipt for all articles invoiced to his station upon receiving and 
aceepting the articles, 

31-44. Upon assuming control of a radio station the officer iN Beport by stae 
charge shall immediately report the fact to the maintenance yard ton officer on 
in writing. He shall report any discrepancies between the items of HBAS COATES. 
public property on hand and those called for by the inventory, 
and shall call attention to any items in poor condition, the respon- 
sibility for which might be a subject of inquiry by an inspect- 
ing officer, 

81-45. Upon being relieved, the officer in charge shall inspect patie whon 
he station with his successor, giving the latter complete details being relieved, 
of the condition of all property at the station, including grounds, 
antenna supports, buildings and other structures, furniture and 
furnishings, machinery and equipment; furnish full information 
concerning the capabilities of the station, the method of obtaining 
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supplies, etc., and transfer the station to his successor. The latter 
shall acknowledge the receipt of same, noting any discrepancies 
over his signature in the inventory records, and assume control 
of the station. 

Transferof 381-46. Whenever practicable, it is desired that transfer of 
officers. . : : : 

officers in charge of shore communication stations be made when 
the radio material officer or his representative can be present, 
but without involving unnecessary travel, in order that the main- 
tenance yard may have first-hand knowledge of the actual condi- 
tion of the station at the time of transfer. 

Appropriation 81-47, The differentiation between wire communication facili- 
for wire lines. : ‘ : . . 

ties provided for shore communication stations for payment out 
of the appropriation “Engineering” and that out of “Pay 
miscellaneous ” will be as follows: 

(1) All wire, telegraph, telephone, control signaling or special 
traflic facilities, provided at shore communication stations for 
the operation of the stations and all similar facilities provided 
for the actual handling, relay, receipt or delivery of the radio 
traffic incident to the operation of the stations, are properly 
chargeable to the appropriation “ Engineering.” 

(2) All wire communication facilities provided at shore com- 
munication stations exclusively for the administration of the 
stations or the convenience of the personnel, are properly charge- 
able to the appropriation “ Pay miscellaneous.” 

(3) Wire communication facilities which have been provided 
to operate the stations or handle the traffic incident to the opera- 
tion of the stations and which are also authorized used in con- 
nection with the administration of the stations, or for the con- 
venience of the personnel, will be charged to the appropriation 
“ Engineering.” 

Inspection of 31-48. (1) Inspections of shore communication stations as re- 
stations. . * + : 

gards maintenance, material supply, and construction will be made 
by radio material officers having jurisdiction over the stations at 
quarterly or other authorized periodical intervals, and more fre- 
quently when found advisable. This report shall be called the 
Material Inspection Report of the U. S. Naval Radio Station 
(name), 

(2) Inspections of shore communication stations by radio mate- 
rial officers, so far as they have to do with public works and 
public utilities, shall not conflict with the annual inspection of 
public works and public utilities required of public works officers 
by the Bureau of Yards and Docks. 

Tnspection re- . : . : . 
ports of shore 31-49. Inspection reports of shore communication stations will 
stations. be submitted by the commandants to the Bureau in duplicate 

and copies furnished for information to the district commiunica- 
tion superintendents, Atlantic coast communication superintendent, 
Pacific coast communieation superintendent and Philippine com- 

Inspection ge. Unica tion superintendent having jurisdiction over the stations. 
pert of trans- 31-50. Inspection reports of stations of the trans-Pacific high- 
vance fe aleh- power circuit will he submitted in quadruplicate and forwarded 

via the commandant, navy yard, Mare Island, for information of 
the supervisor, trans-Pacific bigh-power circuit. One copy of 
report will be retained in the files of the supervisor, one copy 
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will be furnished the Pacific coast communication superintenden, 
for information, and the original report and duplicate copy with 
endorsements will be forwarded to the Bureau of Engineering. 

31-51. Material Inspection reports shall cover the following Scope of mas 
points: terial inspection. 

(1) Condition of station grounds as regards the efficient func- 
tioning of the station. 

(2) Condition of antenna system, including antenna supports 
and accessories, 

(3) Ground system, in so far as it can be inspected. 

(4) Condition of buildings, tanks, and other structures other 
than antenna supports. 

(5) Condition of roads and walks. 

(6) Provision for preventing station going out of commission 
due to carrying away of antenna during storms, collection of 
sleet, etc., including provisions made for duplicate antenna, or 
antenna material, hoisting gear, ete. 

(7) Condition of power equipment on the station, including 
steam boilers, engines, engine-driven generators, power lines and 
transformers, storage batteries, etc. 

(8) Condition of transmitting equipment and accessories, in- 
cluding motor generators. 

(9) Condition of receiving equipment and accessories, includ- 
ing storage batteries. 

(10) Fire prevention facilities, 

(11) Result of check of station inventory with maintenance 
yard records. 

(12) Method, care, and preservation of records on station per- 
taining to station material. 

(18) Condition of plumbing and heating facilities. 

(14) Water supply. 

(15) Sanitation. 

(16) Neatness and cleanliness of property and material com- 
prising the station. 

(17) Expenses in connection with maintenance, material sup- 
ply, and construction of the station. 

(18) Condition of machine tools and small tools and facilities 
for making repairs locally. 

(19) General transportatien facilities. 

(20) Condition of motor vehicles and other Jand transporta- 
tion facilities. : 

(21) Condition of motor boats and other water transportation 
facilities. 

(22) Surveys. 

(23) Maintenance, material supply, and construction, educa- 
tional facilities and knowledge of station personnel regarding 
cemmunication, technical matters, and their ability to make re- 
pairs, 

(24) Condition of control and communication land lines com- 
prising part of the station. 

(25) Repairs, alterations, or improvements made by station 
personnel since last inspection. 

(26) Repairs, alterations, or improvements made by yard force 
since last inspection. 
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(27) Repairs, alterations, or improvements under «vay, or au- 
thorized to be made by station or yard force. 

(28) Familiarity of station personnel with contents of Bureau’s 
monthly radio report. 

(29) Discrepancies, if any, in station’s authorized transmit- 
ting wave lengths. 

(830) Defects in material requiring immediate attention and 
not previously reported, and action taken or recommended. 

(31) Defects in material not previously reported and which 
should be rectified as soon as possible with recommendations 
where necessary. 

(32) Defects in material not previously reported and not urgent 
which will be given consideration in the annual recommendations. 

(38) A list of outstanding recommendations which have been 
submitted to the Burexu and upon which no action has been 
taken, or upon which action by the Bureau is not complete. such 
as new apparatus due, ete. 

(34) Condition of recreational facilities, including smal! arms 
and ammunition furnished for the protection of the station. 

(85) General condition of the station as a whole as regards 
maintenance, material supply, and construction matters and 
whether or not the condition of the station appears to be due to 
the zeal and ability or the neglect and inefficiency of the officer 
in charge, giving name and rank or rating of the officer in charge. 

31-52. With the following exceptions, the inspection report as 
submitted need contain only such of the items enumerated in the 
preceding articles as the inspecting officer may desire to comment 
on. Reference to items which are found to be entirely satisfactory 
need not be made in the inspection report. The exceptions are 
subparagraphs (6), (16), (17), (23), (25), (26), (27), (28), (29), 
(30), (81), (82), (83), (84), and (35) of the preceding article. 

31-53. All material inspection reports without exception, how- 


* ever, shall contain a paragraph stating whether the station is 


considered to be in condition for continuous efficient operation 
under all circumstances, and if not, what action is contemplated, 
underway, or recommended to insure its maintenance in condi- 
tion for continuous efficient operation. 

31-54. Material inspection reports shall indicate which quarter 
of the fiscal year, or other authorized period, is covered, and by 
whom the inspection is made. 

31-55. If material inspection reports contain comments or 
recommendations pertaining to activities coming under the juris- 
diction of departments, other than the industrial department, 
machinery division, of the maintenance yards, full report of the 
action taken or contemplated by these departments, with esti- 
mates where necessary, shall be obtained prior to forwarding 
correspondence to the Bureau of Engineering. 

81-56. Close cooperation shall be maintained with the district 
communication superintendents in connection with inspection 
reports, with a view to insuring the maintenance and operation of 
the station in an efficient and economical manner, within their 
allowances, and of insuring that the stations are satisfactory from 
an operation point of view. Maintenance and new constructional 
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work which might cause interruption to the Naval Communication 
Service will not be undertaken at any shore communication sta- 
tion without the approval of the district communication super- 
intendent. 

31-57, After an inspection of a shore communication station by 
a representative of the Department a copy of the report as fur- 
nished to the Bureau will be also furnished the radio material 
officer, via the commandant, for information. 

31-58. Requests or requisitions by officers in charge of shore 
communication stations for material and supplies will be sub- 
mitted to or through the radio material officer of their mainte- 
nence yards. If the radio material officer having supervision 
over a shore communication station is assigned to a yard or sta- 
ticn other than the maintenance vard of the communication sta- 
tion, officers in charge shall submit requests or requisitions for 
material and supplies to their maintenance yard via the office of 
the radio material officer having supervision over the station. 

31-59. Repairs, other than urgent, and alterations, are to be 
requested of commandants by radio material officers with recom- 
mendations. If necessary, commandants will obtain the approval 
ef Bureau of Engineering before undertaking the work. 

31-60, Expenditures in connection with miaintenanee and upkeep 
for eficient operation of shore communication stations may be 
nuthorized by commandants of meintenance yards, under the sta- 
tons’ maintenance allotments, without previous reference to the 
Bureau of Engineering, provided the expenditures for any one 
ct do not exceed $200. If the expenditures for any one 
rreject are likely to exceed this figure, the approval of the Bu- 
reau of Engineering and the Department will be obtained before 
undertaking the work. In no case will a shore communication 
ition’s maintenance allotment be overdrawn without first 
taining the approval of the Bureau of Engineering, 

31-G1. Correspondence which may be exchanged botween officers 
in charce of shore communication stations and supply officers 
reliting to bids, local contracts, open purchases, shipments, ctc., 
sheuld always be routed via the radio material officer having 
jurisdiction over matters of material at the station. 

41-62. Following is a list of the existing shere communication 
tions of the Naval Communication Service showing the names 
cs stetions, kind of service rendered. naval district in which 
Ineated, if any, assigned muintenance yard, and the command 
Be jurisdiction over the individual stutiens: 
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Station. 


Portsmouth....... 


Sea Wall..... 


Cape Tifzabeth. one 
Portland 
Chelsea... 
Navy yard 


Gloucester.......-. 


North Truro....... Cc 


Surfside.........-- Cc 


Naval aviation. ... -) P 


Prices Neck 


Melville. .......... 
Cc. Hbr. 
Light Vessel No. 3. 
Light Vessel No. 5. 
Light Vessel No. 20. 
Light Vessel No. 41. 
Light Vessel No. 42. 
Light Vessel No. 47. 
Light Vessel No. 73. 
Light Vessel No. 54. 
Light Vessel No. 66. 
Light Vessel No. 74. 
Light Vessel No. 85. 
Light Vessel No. 86. 
Light Vessel No. 90. 
Light Vessel No. 4.. 
Navy yard........ 


jassauaaaaaaen 


a 


Sandy Hook....... Cc. 


Fire Island........ c 
Amagansett .| C 


South Ferry Build- 
ing 
Radio Laboratory. 


Sayville. ...-......! 


Buffalo............ 
Light Vessel No. 68.; 
Light Vessel No. 87. 
Light Vessel No. 11- 
Light Vessel No. 48. 
Light Vessel No. 23. 
Light Vessel No. 39 


Light Vessel No. 79 


Light Vessel No. 69 
Light Vessel No. 44 
Light Vessel No. 78 


Light Vessel No. 16 
Cayey ....-..------ 
San Juan...... 

Guantanamo 


Do....- 
Navassa Tsland - 
Port au Prince... 


District. 


Maintenance 
yard, 


Commant. 


C... a 
-| Exp (R).- 
(T) (R).1..- 


py oo bo 


t 


BREE PRE 


(T) (R). 


Portsmouth... 


Commandant navy yard, 
Portsmouth. 

Commandant first naval 
district. 


‘| Commandant nay ¥ yard, 


Boston. 
Commandant first naval 
district. 
Do. 
Do. 


: Commandant navy yard, 


Boston. 

Commandant first naval 

district. 
Do. 

Commanding officer na- 
val air station, Chat- 
ham. 

‘Commandant first naval 
district. 

Commanding officer na- 
val air station, Chat- 
ham. 

Commandant first naval 
district. 


*; Commandant navy yard, 


New York. 
Commandant third na- 
val district. 


Commandant navy yard, 
New York. 

Commandant third na- 
val district. 


Commandant third na- 
val district 


.| Commandant fourth na- 


val district. 
Do. 
Do. 


"7) Commandant third na- 


‘) Commanding off 


val district. 
Do. 
Governor Virgin Islands. 
Do, 


‘| Commandant naval! sta- 


tion, Guantanamo, 
Do. 
Do. 
cer, Ma- 
rine detacament, 
lho. 
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Station. 


District. 


Maintenance 
yard. | 
i 


Marine land force..| Pgn....... 
Navy yard......... T-R...... 
Radio laboratory ..| Exp. (R) 


Marine land force . .| *P; 


Cape May.......... 


Bethany Beech.... 


Cape Henlopen... .) C 
Lak 


ehurst......... 


Do. ....... 
Naval aviation. 


Mantoloking. ..... 7¢ 
Annapolis......... i 
Naval Academy.../ T-R...... 
Arlington.......... 4 ee 
Navy yard.........| T-Tf...... 
Navy Department.| R......... 
Radiolaboratory...| Exp. (R) 
Anacostia..........) Ci... 
Radiolaboratory. .| Exp(T)(R) 
Naval aviation..... 
Quantico.....-.-.- 

Marine land force. . 
Dahlgren...... . 


Indian Head 

Naval Proving 
Grounds. 

Navy yard........ 


Hampton Roads... 
Virginia Beach... . 
Do.... 2.2.2... 


Poyners Hill. .-... 
Naval Aviation. ... 


Radio Laboratory - 


Baltimore......... 


Cape Lookout... .. 
Morehead City..... 
Light Vessel No. 46_ 
Light Vessel No. 52. 
Light Vessel No. 72. 
Light Vessel No. 80. 
Light Vesset No.101 
Light Vessel No. 91. 
Light Vessel No. 49. 
Navy yard........ 


Charleston. ........ ' 
kiadio Laboratory .; 
Folly Isiand.......! 
North Island...... 


Tybee Island...... 
Savannah......... 


Exp(R)..-/... 


C(T)(R).. |... 


New York .... 


Commandant 


Commandant 


Command. 


Governor Virgin Islands. 


- dO... . Do. 
do. Military Governor San 
Domingo. 
errr eer O--.e. 2 eee Do. 
Fourth....) Philadelphia. .| Commandant navy yard, 
Philadelphia. 
Bn (Se Os Co Do. 
12-0... ee do... 2s... | Commanding officer Ma- 
rine detachment. 
ae 6 (on do... 22... Commandant fourth na- 


val district. 


Do 


: Commanding officer Na- 


val air station, Lake- 
hurst. 


oc20l111]] Commandant fourth na- 


val district. 


wees eeeee ee Naval Acad- | Superintendent Naval 
emy. eademy (R. M. 0., 

Navy Yard, Washing- 
ton). 

ce eeeeeeeee --do.........} Superintendent Naval 
Academy. 

cent enee eee Washington...| Department. 

ns do.........| Commandant navy yard, 
Washington. 

Snes do.........} Department. 

ns do.........{| Commandant navy yard, 
Washington. 

es an do... .| Commanding officer na- 
val air station, Ana- 
costia. 

re pen do.... Do. 

rs ae Do. 


.| Commanding officer Ma- 


rine dctachment, 
Do. 


Commandant navy yard, 


Norfolk. 
Naval 
Base, Hampton Roads. 


Commandant fifth naval 


district. 
Do. 


Naval 
Base, Hampton Roads. 


Commandant navy yard, 


Norfolk. 


Commendant fifth naval 


district. 


Commandantsixth naval 


district. 


Commandant navy vard, 


Charleston. 


Commandant sixth naval 


district. 
Do. 
Do. 
Do. 
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Station. Kind District. ae Command 
i 

Port Royal........ T-R-Edu.| Sixth..... Charleston ....) Commanding Officer, 
Marine detachment. 

Light Vessel No. 84.| T-R. - do......J...-. do. ...| Commandant sixth naval 
district. 

Light Vessel No. 04. Do. 

Light Vessel No. 1.. Do. 

Light Vessel No. 34. Do. 

Light Vessel No. 53. Do. 


Naval Station. .... 


Key West......... 
Jupiter Inlet. 
Jupiter. ....... 
St. Augustine. 4 
Pensacola.......... 


Do 
Naval Aviation. ... 
Naval Station. .... 


Radio Laboratory. 
Pass a Loutre...... 


Grand Island...... 
Burrwood. i 


Sabine Pass. 
Port Arthur. 
Galveston... 
Point Isabel. 
Light Vessel No. 
Light Vessel No. 102, 
Great Lakes....... 


Naval Training... 


Radio Laboratory.. 
Milwaukee......... 
Manistique 

DOs oes cee 


White Fish Point.. 

Grand Marias...... 

Detour Point.....- 

Mackinac Island... 

Alpena....-....... 

Thunder Bay Is- 
land. 


Air Mail Field )127 
Darien...aseeoenoes 


Balboa. . 
Colon. 
Coco & 


Naval Aviation... 
Cape Mala....-.... 


Puerto Obaldia.... 
La Pala 
Managua.......... 


Cholias Heights..... 


Point Loma... 


+--dO..... 
~./e.-do... 
fe. dO. 


pinth naval 
district. 


Commandant 
fifteenth na- 
val district. 


:| Commandant naval sta- 


tion, Key West. 


B Commanding officer Na- 


val air station, Pensa- 
cola, 


:| Commandant naval sta- 


tion New Orleans. 
Do. 


*} Commandant eighth 


Naval district. 


Commandant ninth 
naval district. 


Do. 

Lo. 

Do. 
Commanding officer 
Great Lakes Radio 
School. 
Commandant ninth 
naval district. 


Do. 
Commandant fifteenth 
naval district. 


Do. 
Do. 
Commanding officer Coco 
oe Naval Air Station. 
0. 
Commandant fifteenth 
naval district. 
Do. 
Do. 
Commanding Officer Ma- 
rine detachment. 
Commandant eleventh 
naval district. 
Do. 
Do. 
Commanding Officer Na- 


i val Air Station North 


Island. 
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Station. 


Imperial Beach.... 


Navial Aviation... 


Inglewood ......... 


fan Pedro......... 


Point Fermin...... 


Point Hueneme.... 
Point Arguello..... 
Farallones......... 


Point Montara... 
Bird Island...... 
Point Reyes..... 
Beach San Fran- 
cisco. 
Sonth 
cisco. 
Mare Island M. P.. 


San Fran- 


Mare Island H. P.. 
Yerba Buena 


Radio School...... 
Radio Laboratory. 


Eureka............ 


Light Vessel No. 70. 
Light Vessel No. &3. 
Light Vessel No. 76. 
Marshfield... E 


Empire... 
North Hea 
Fort Stevens. 
(iecan Park 


Radio Laboratory . 
Nean Bay......... 


PatOos sg cede aden 


New Dungeness. . 
Port Angeles 
Cattle Point... 
Smiths Island. 


Light Vessel No. 67) T-R 


Light Vessel No. 


3 i 
Light Vessel No. xs 


Light Vessel No, 92 
Sitka 


Junean.. 


| ini 


Kind District. Bier he Command. 
Cite veesee Eleventh .| Mare Island ..; Commandant cleventh - 
| naval district. 
Pgn....... oekEOsesesusfecesc’ do.........; Commanding Officer Na- 
val Air Station North 
Island. 
Wasicested -+-00......./-----0.........| Commandant eleventh 
naval district. 
Recursos BPN (Sen DO do.........) Commanding Officer 
Submarine Base San 
Pedro. 
tC ie -| Commandant cleventh 
naval district. 
T-R-C....|.. Do. 
C(T)(R) 2.4. Do. 
CCT) (BY...) dow Hetwes 50 ke eee | Commandant twelfth 
naval district. 
C(T)(R) .. Do. 
C(T)(R) Do. 
C(T)(R) Do. 
eee ee Do. 
T-Tf...... Do. 
Diisegucaes Commandant navy yard 
Mare Island. 
DP etetaree Do. 
Ris sccasicne , Commandant Naval 


WeOhisevicc 
Exp (R)./_...do.... 
Dales Paks (c ener 
Ch Setetad: 
T-R. 


Hanscom..... 1... j 


Eyak:-2.s0. 
Seward 
Soapstone Point. 


Hinchenbrook..... 1 


Kodiak Saas dears 
Capes Sariehet Light 


Seoteh Can Light 
ht. George......... 


St. Paul... eo. 
Pearl Harbor...... 


-do...... 
‘Fourteenth 


Hewes Ons ss eacet 


Training Station, San 
Francisco. 
Do. 
Commandant navy vard 
Mare Island. 


-, Commandant twelfth 


naval district. 
a. 


Do. 
Do. 
Do. 


Commandant thirteenth 


naval district. 


Comimandant Naval Tor- 
pedo Station. 


3 Commandant navy yard 


Puget Sound. 
Do. 
Commandant thirteenth 
naval district 


Pearl Harbor... 


| Superintendent 


light- 
houses, Ketehikan. 


De. 


..| Commandant thirteenth 


naval district. 
Do. 
Commandant Naval Sta- 


tion, Pearl Harbor. 


31-23 


31-24 


Ktod of ste 
tions. 

Living quaar- 
ters. 


Standard 
lowaace of 
nizshings., 
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+ = hye Maintenance 
Station. Kind. | District. | yard. 
Air base........... iT... eee Fourteenth} Pearl Harbor . 
Heeia.............! To..---.-- ee do... ll... do...... 


Naval aviation. ...: 


Radio Laboratory. Exp (R)..|..-do......).--.. do...-. 
i { 
Ofu... eee eee “T-R cles eeeeeee eee Tutuila..... 
i i 
Tutuila........2.2. T-R...... Jeeceeeeeeeesfesees do..... 
Guam............. fe Se Guam...... 
Dole eee Pe hehe. 
Merizo............- R.. 
Marine aviation... Pgn i...--do.. 
Cavite............. T......... Lewes eee ee eee Cavite..... 
Los Banos......... Rew... ~-do.. 
Olongapo.......... 6 5 do. 
Viadivostok....... TOR... eee eee eee eee do..... 
Shanghai.......... 
Peking... . 
Do............ 


Command. 


Commanding officer 
Naval Air Base, Pearl 
Harbor. 

Commandant fourteenth 
naval district. 

Do. 

Commanding officer 
Naval Air Base, Pearl 
Harbor. 

Commandant Naval Sta- 
tion Pearl Harbor. 

Commandant Naval Sta- 
tion, Tutuila. 

Do. 

Commandant Naval Sta- 

tion, Guam. 


Do. 
Do. 
Do. 
Commandant sixteenth 
naval district. 


Do. 
Commandant Naval, 
Station, Olongapo. 
Commander in chief Pa- 

cific Fleet. 

Do. 

Do. 

Do. 


31-63. The key to the kind of stations is as follows: 


B-Radio beacon service (no stations yet in com- 


mission). 


C-Radio compass receiving stations. 
Edu-Communication educational service. 
Exp-Radio research and experimental station. 

L-Land line communication station only. 
Pgn-Homing pigeon station. 

R-Receiving and control station (local or remote). 

T-Radio telegraph transmitting station. 

TfRadio telephone station. 


naval or military reservation. 


(T) (R)-Stations equipped for transmitting and receiving 


although nominally not traffic stations. 
31-64. Living quarters will be provided for the personnel of 
shere communication stations which are located outside of a 


Married operators’ quarters will 


he provided where possible to accousmodate married personnel of 
the rating of chief radioman or higher, but the bureau will not 
authorize the construction of new married operators’ guarters to 


accommodate 
radioman except 


al- 
far- 


2 chairs, upholster 


married personnel 


in very special cases. 


holding 


ratings 


below chief 


81-65. Following is the standard allowance of house furnish- 
ings at shore coinmunication stations: 


OFFICER IN CHARGE QUARTERS. 


(Gunner or radioman in charge.) 


PAROR OR LIVING ROOM, 


ed, hardwood frame. 


carpet, rug pattern, 5-frame body, Brussels or Wilton. 


2 armchairs (as above) ; one rocking-chair can be substituted for one of 


the armchairs, 


fot fob pot ba ba ba 


oo 
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RADIO PLANTS, 


sofa or davenport (as above). 

library table, hardwood. 

set of window shades and fixtures for each window. 

stove, heating, coal, wood, or gas (when required). 
bookease, small (or bookrack). 

set of scrim curtains with rod and fixtures for each window. 


DINING ROOM. 


earpet, rug pattern, 5-frame body, Brussels or Wilton. 


dining table (6-foot extension, 48-inch pedestal), round or square, 012%, 


any finish. 


sideboard, with or without mirror, wood to match above, not les3 than 


54 inches long. 
chairs. wood to match above. 
side table. 
set of window shades and fixtures for each window. 
dinner plates, chinaware. 
coffee cups and saucers, chinaware. 
soup plates, chinaware. 
tumblers, glass. 
water pitcher, glass. 
meat platters, chinaware. 
vegetable dishes, chinaware. 
salt shakers, glass. 
pepper shakers, glass. 
mess bowls, chinaware. 
eream pitcher, chinaware. 
butter dish, chinaware, 
butter knife, plated ware. 
sirup pitcher, glass. 
sugar bewl, chinaware. 
gravy ladle, plated ware. 
table knives. plated ware. 
table forks, plated ware. 
teaspoons, plated ware. 
soup spoons. plated ware. 
tablecloths, cotton, white. 


12 napkins, cotton. 


he 


eet et 


a le el nl eS 


2 
1 


carving set. 
dinner platters, chinaware. 
set of scrim curtaivs with rod and fixtures for each window. 


MAIN HALL, 


earpet, 5-frame body, Brussels or Wilton. 

mirror and table. 

set of window shades and fixtures for each window. 

set of scrim curtains with rod and fixtures for each window. 


EACH SLEEPING ROOM, 


carpet, rug pattern, 5-frame body, Brussels or Wilton. 


bedstead of enameled iron with one set of springs and one mattress. 


dresser, bureau or chiffonuier, with tirror, oak or wiahogunized pire. 
table, small. 

chair, as above, cane or wood seat. 

rocker. 

set of window shades and fixtures for each window. 

pillows. 

sheets, seamless, plain, white, cotton. 

pillowcases, plain, white, cotton. 

blankets, wool, plain. 

bedspreads, cotton. 

sect of scrim curtains with rod and fixtures for cach window, 


81-25 


381-26 
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UPPER HALL, 


carpet, 5-frame body Brussels or Wilton. 

stair carpet, 5-frame body Brussels or Wilton, including pads. 
set of window shades and fixtures for each window, 

set of scrim curtains with rod and fixtures for cach window. 


BATH. 
rug, small, 1 set of scrim curtains with rod 
chair, white enameled. and fixtures for each window. 
medicine cabinet with mirror, 1 towel rack. 


set of window shades and fixtures | 1 soap rack. 
for each window. 


KITCHEN, PANTRY, ETC. 
range, cooking, coal, wood, or gas. | 1 ladle. 


refrigerator, top ice to  heid | 1 scoop, fiour. 
about 100 pounds, white opalite | 1 cake turner. 


glass lining. 1 pudding pan, 2-quart. 
kitchen table (deal). 11 dairy pan, 2-quart. 
kitchen chairs, 1 can opener, 
door foot mats, 1 lemon Yeamer. 
egg beater, 1 set sad irons or 1 electric iron, 
broiler. 1 chopping bowl. 
meat fork. 1 kitehen cabinet (when no built-in 
meat grinder, feature provided). 
teakettle. 1 shovel for coal hod. 
teapot. 1 roast pan, covered. 
bread knife. 1 saucepan, 2-quart. 
butcher knife. 4 pie pans, 
potato masher, 4 bread pans, one-loaf size. 
bean pot. 2 bread pans, two-loaf size, 
dish pan, 1 mixing bowl, large, earthenware. 
saucepan, 3-quart. | 4 cake tins, 
bread pan. 1 muffin tin. 
frying pans, one G6-inch, one 9- | 1 sugar ean. 
covered garbage can, 1 tea can. 
wash boiler. 1 double boiler, 2-quart. 
washtubs, galvanized fren, when | 1 hot-cake griddle, 
stationary tubs not provided, 1 grater, 
wringer and stand, 1 coffee pot or percolator, 
washboard. 1 rolling-pin. 
washing piachine (one only to be | 1 steel. 
supplied cach station and to be | 1 freezer, ico-cream, 2-quart. 
for gencral use at station). 1 mixing spoon, cook's, perforated. 
bucket, galvanized tron. 1 mixing spoon, 12 inches jong. 
paring knife. 1 four sifter. 
waffle iron, | 1 coal hod, galvanized iron, smail. 
bread hex, 1 coffee grinder. 
colander. 


OPERATOR'S BARRACKS, 
istecping quarters, per man.) 


bedstead. single. ef enameled jron, with one set of springs and one 
mattress, 

Wankets, 

bedspreads, eotten. 

sheets, seamless, plain, white, cotton. 

pillow. 

pillow slips. plain, white, cotton. 

metal locker, 

chair, plain, wood or exne seat. 

set window shades and fittings for each window. 

set of scrim curtains with red and fixtures for each window. 


“ RADIO PLANTS, 


DINING ROOM, 
(Based on complements of approximately 10 men.) 


1 set window shades and fittings for each window. 

1 dining table, 8-foot, extension, square, heavy, plain legs, oak. 
12 chairs, wood, to match above. 

3 tablecloths, plain, white, cotton. 

12 mess bowls, chinaware. 

12 cups and saucers, chinaware. 

3 vegetable dishes, chinaware or glass. 

2 cream pitchers, chinaware or glass. 

2 salt shakers, glass. 

2 pepper shakers, glass. 


12 tumblers, glass. 


2 
1 


butter dishes, chinaware or glass, 
earving set. 


12 table knives, steel, bone handle. 
12 table forks, steel, bone handle. 
12 soup spoons, plated ware. 

12 teaspoons, plated ware. 

12 dinner plates, chinaware. 


2 
o 


2 


2 
2 
1 


dinner platters, chinaware, 
sirup pitchers, glass. 

sugar bowls, chinaware or glass. 
dinner platters, chinaware. 


2 soup plates, 


KITCHEN, 


(Based on complement of 


approximately 10 men.) 


1 Kitchen cabinet (when no built-in 1 scoop, flour. 
features provided). 1 cake turner. 
covered garbage can. 1 pudding pan. 2-quart. 
bueket, galvanized iron. 1 dairy pan. 2-quart. 
paring knife, 1 can opener, 
waffle iron, 1 lemon reamer, glass. 
bread box, 1 set sad irons or 1 electric iron. 
colander, 1 chopping bowl. 
ladle. 1 shovel for coal hod. 
meat fork. 1 double boiler, 2-quart. 
bread-mixing pan, 3 frying pans, 6-inch, 9-inch and 
tea can, 13-inch, 
steel. hot-eake griddle. 
coffee grinder. frater. 


ROR ORD HR eH Oe 


she 


refrigerator, suitable size. 
egg beater. 


butcher knife, 9-iach, 
muffin tin. 


broiler, coffeepot. 
meat grinder, teapot, 
teakettle. roast pans, covered, 


bread knife. 

potato masher. 
bean pot, 2-quart. 
dish pan. 
saucepans, 6-quart. 
meat saw, 18-inch. 
bread pans, 2-loaf size. 
mixing bowl, large. 
cake tins. 

cleaver. 

sugar can. 


Dee me eH ON NF eee 


chair, white enameled. 
medicine cabinet, with mirror. 
set of shades und fixtures for 


1 set of serim 


each window, 


sauucepans, 4-quart. 

pie tins. 

rolling pin. 

freezer, ice-cream, 

mixing spoon, 12 inches long. 
mixing spoon, cook's, perforated. 
flour sifter. 

eoal hod. galvanized-iron, large. 
kitchen table (deal), 
range.cooking, coal, wood, or gas, 
kitchen chairs. 


curtains with rod 
and fixtures for each window, 


1 towel rack. 


1 soap rack. 
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LIVING ROOM, 
(Based on complement of approximately 10 men.) 


library table, plain, suitable size. 

bookcase, sectional, 

chairs, oak or mahoganized birch, wood or cane seats. 
rockers, oak or mahoganized birch, wood or cane seats, 

set of window shades and fixtures for each window. 

stove, heating, coal or wood (when required). 

set of scrim curtains with rod and fixtures for each window. 


ee OE oe onl eel od 


MaRRied OPERATORS’ QUARTERS. 
LIVING ROOM. 


carpet, rug pattern, 5-frame body Brussels or Wilton. 
chairs, lardwood, saddle seats. 

chair, upholstered, hardwood frame. 

armchair or rocking-chair, as above. 

sofa ar davenpart, as above. 

Hbrary table, hardwood. 

set of window shades and fixtures for each window. 
stove, heater type, coal, wood, or gas (when required). 
bookcase, small (or book rack). 

set of scrim curtains with rod and fixtures for each window. 


ee ee a ons 


DINING ROOM, 


carpet, rug pattern, 5-frame body Brussels or Wilton. 

dining table, 6-foot extension, round or square, heavy plain legs, oak, 
any finish. . 

sideboard, without mirror, wood to match above. 

chairs, wood to match above. 

set of window shades and fixtures for each window. 

tablecloths, plain, white, cotton. 

napkins, plain, white, cotton. 

rioess bowls, chinaware. 

saucers and cups, chinaware. 

vegetable dishes, chinaware or glass. 

cream pitcher, chinaware or glass. 

salt shaker, glass. 

pepper shaker, glass. 

tumblers, glass. 

cream pitcher, chinaware or glass. 

table knives, plated. 

table forks, plated. 

soup spoons, plated. 

teaspoons, plated. 

dinner plates, chinaware, 

water pitcher, glass. 

seup plates, chinaware. 

gravy ladle, plated ware. 

butter knife, plated ware. 

meat platters, chinaware. 

sirup pitcher, glass. 

sugar bowl, chinaware or glass. 

carving set. 

set of scrim curtains with rod and fixtures for each window. 


ee 


te 
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MAIN HALL. 


1 carpet. S-frame body Brussels or 1 set windew shades and fixtures 
Wilton. for each window. 

1 bell mirror and table. 1oset of serim curtains with rod 

and fixtures for each window. 


» 
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RADIO PLANTS, 


EACH SLEEPING 


carpet, rug pattern, 5-frame body. 

bedstead of enameled iron with 
one set of springs and one mat- 
tress, 

dresser, bureau, or chiffonier, 
with mirror, oak or mahogan- 
ized birch, 

chair, as above, 
seat. 


cane or wood 


1 set of window shades 


2 
4 


4 


ROOM, 


and  fix- 
tures for cach window. 

pillows, 

shocts, seamless, plain, white, cot- 
ton. 

pillowcases, plain, white, cotton. 


3 blankets, wool, plain. 


2 


bedspreads, cotton. 


set of scrim curtains with rod and fixtures for each window. 


UPPER HALL, 


carpet, S-frame body, Brussels or | 1 set window 


Wilton. 


shades and fixtures 


for each window, 


stair carpet, 5-frame body Brus- | 1 set of scrim curtains with rod 

sels or Wilton, including pads. and fixtures for each window. 
KITCHEN, 

refrigerator, top ice, to hold | 1 potato masher. 
about 100 psunds. 1 bean pot. 

egg beater. 1 bread pan. 

broiler. 1 sugar can. 

meat fork. 1 tea can, 

meat grinder. 1 steel. 

teakettie. 1 flour sifter. 

bread knife. 1 coal hod, galvanized-iron, small. 

dish pan. 1 coffee grinder, 

Saucepan, 3-quart. 1 covered garbage can. 

saucepan, 2-quart. 1 wash boiler. 


bread pans, one-loaf. size. 

bread pans, two-loaf size, 
mixing bowl, large, earthenware. 
eake ints, 

muffin tin, 

double boiler, 2-quart. 

frying pans, 6 and 9 inch. 
hot-cake griddle. 

grater, 

butcher knife. 

coffecpot or percolator. 

teapot. 

roast pan, covered. 

fie tins, 

rolling pin, 

freezer, ice-cream, 2-quart. 
mixing spoon, cook’s, perforated. 
mixing spoon, 12 inches long. 
range, cooking. cecal, wood, or gas. 
kitchen table (deal). 

kitchen chairs, 


BATH. 


set of shades and fixtures for 
each window. 
chair, white enameled. 


medicine cabinet, with mirvor. 


ee ee ee 


4 
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washtubs, galvanized iron (when 
stationary tubs not provided). 

kitchen cabinet (when no built-in 
features provided). 

wringer and stand. 

washboard. 

bucket, galvanized iron. 

shovel for coal hod. 

paring knife. 

waffle iron. 

bread box. 

colander. 

ladie, 

scoop, flour. 

cake turner. 

dairy pan, 2-quart. 

pudding pan, 2-quart. 

can opener. 

lemon reamer, glass, 

set sad irens or 1 electric iron, 


towel rack. 
soap rack. 
rug, small, 
set of scrim curtains with 

and fixtures for each 


rod 
window, 


The limit of expenditures to furnish completely officer in charge 
quarters is $1.000 maximum: for 
$850 maximum; and for operators’ barracks, $100 per man of 
the authorized complement for complements of 10 men and under 


married operators’ quarters, 


31-30 


Floor cover: 
jng. 


Type of farni- 
ture, 


Nettings for 
beds. 


Reports. 


Annual on 
April 1. 


Annaoal on 
Janoary 1. 


Annual July 1 
and when impor- 
tant changes are 
made. 
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and $75 per man of the authorized complement for complements 
in excess of 10 men. Subsequent replacements or repairs are to 
be absorbed by the station’s annual maintenance allotment. 

31-66. Carpets, rugs, linoleum, or matting will be used to cover 
floors of rooms, at the discretion of the commandants of the 
maintenance yards, depending on which is considered most suit- 
able with respect to climatic or other conditions prevailing at the 
stations, costs, ete. 

31-67. There will be no objections to type of furniture best 
suited for climatic and other conditions prevailing at the stations 
being selected at the discretion of the commandants of the sta- 
tions’ maintenance yards, nor to electric ranges or heaters being 
furnished in place of coal, wood, or gas stoves, provided the initial 
cost in conjunction with the cost of operation is less for the elec- 
trical equipment. 

31-68, When considered necessary by the commandants of the 
maintenance yards for the health and comfort of station personnel, 
the allowances may be increased to provide for top frames to 
carry netting and two nettings assigned to the standard allow- 
ance for each bed. 


PART 3—REPORTS. 


831-69, The following reports, in addition to those in letter form 
mentioned in previous articles, will be rendered in connection with 
communication maintenance, material supply, and construction 
matters, These do not include such routine reports as the radio 
material officer may require to be made to his office by officers in 
charge of shore communications stations. 

81-70. On April 1, by commanders in chief to the Secretary of 
the Navy, with copies to the Director Naval Communications and 
the Bureau of Engineering, a report outlining the radio, sound, 
and pigeon communication activities of the fleets, during the pre- 
ceding fiscal year, and recommendations for the ensuing fiscal 
year. 

81-71. On January 1, by officers in charge of shore communica- 
tion stations to Bureau of Engineering via their maintenance yard 
(radio material office), a deseription of their stations on Form N, 
Ting. 254, One copy of this report will be furnished the district 
communication superintendent and one copy retained for file. 
Two copies will be forwarded to the radio material officer, who 
shall retain one copy and forward the other to the Bureau of 
Engineering. 

31-72. On July 1, and at such times as important changes are 
made, by commanding officers of vessels, including aircraft in com- 
mission, in reserve, and naval auxiliaries, to Bureau of Engineer- 
ing via official channels of fleet, if attached to fleet, a description 
of ship’s communication installation on Forms N. Eng. 25 B. Re- 
port shall be prepared in sextuplicate, one copy furnished to 
division commander, one to squadron commander, one to com- 
mander in chief, one to vessel’s home yard, one to the Bureau 
of Engineering, and one retained in the vessel’s files. Vessels not 
attached to a fleet or to naval districts will forward this report to 
the Bureau of Engineering, furnishing a copy to the vessel’s home 
yard. (Small ships use Form N. Eng. 269 for radio.) 


RADIO PLANTS, 


31-73. On January 1 by commanding officers of district craft, 
including aircraft, a description of radio installation, on Form 
N. Eng. 25B. (In case of similar installations on several aircraft 
at the same station, one report for all aircraft named in the 
report will suffice.) The number of the copies and official chan- 
nels for forwarding the report shall be the same as for shore 
communication stations, (Small ships use Form N. Eng. 269 
for radio.) 

31-74. (1) On January 1 by commanding officers of vessels in 
ccninission (including vessels in reserve and naval auxiliaries) 
to Bureau of Engineering annually and at such other times as im- 
portant changes are made in the sound installation, on Form N, 
Ing, 71. One copy to be furnished the commander in chief and 
one copy furnished the vessel’s home yard, 

(2) When there is no sound installation on board, a letter to 
that effect will be submitted in lieu of Form N. Eng, 71. 

31-15, By maintenance yards to Bureau of Engincering at end 
of each quarter a report of expenditures in connection with shore 
communication stations during the quarter, on Form N. Eng. 74, 

31-76, At end of each quarter, by industrial department, ma- 
chinery division (radio material officer) of maintenance yards to 
the Bureau of Engineering, a report reviewing briefly all commu- 
nication maintenance, material supply, and construction activities 
corning under their jurisdiction, This report will review the ac- 
tivities within the territory covered as a whole, and will show the 
personnel employed or engaged in the material branch of the 
Naval Communication Service at each maintenance yard and out- 
lying points; the nature of the work involved; the conditions in 
general as regards material within the territory covered ; the status 
of projects underway as regards shore stations, ship stations, sound 
apparatus, ete., the status of allowances and expenditures; the 
number and nature of interruptions to the service during the 
quarter due to troubles with material; meritorious or unsatisfac- 
tory service, as regards material, on the part of the personnel 
concerned; shore communication station marks, ete. This report 
will be submitted to the Bureau of Inngineering in quadruplicate 
promptly after the end of each quarter. 

31-77, Radio material officers quarterly or periodical inspection 
reports of shore communication stations, to be submitted to the 
sureau in duplicate, copies to be furnished to communication 
supervisory personnel interested, 

31-78. At the end of each quarter by supervisor, trans-Pacific 
high-power circuit to Bureau of Engineering, with copies to com- 
mandants of maintenance yards interested, Pacifie coast commu- 
nication superintendent, Philippine communication superintendent, 
& quarterly review of the trans-Pacitic high-power circuit as a 
whole. 

31-79. On the first day cf each month by all maintenance yards 
aud the Bureau of Engineering; a report containing all data of 
interest pertaining to the radio, sound and pigeon activities of 
the preceding month. teports of the maintenance yards shall be 
forwarded to the Bureau of Engineering and to ail other navy 
Yards and navel stations, to the commanders ii chief, to naval air 
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Annual Jann. 
ary 1. 


Annual Jann. 
ary 1 or upon 
extensive altera- 
tlons. 


Quarterly, 


Monihly, 


31-32 


Special re- 
ports, when to 
he made, 


Forms. 


Classen of 
spark  tranemit- 
ters, 
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stations, and to such shore communication stations as may be de- 
sirable for instructional purposes, Bureau of Engineering reports 
will be forwarded to all navy yards, naval stations, air stations, 
shore communication stations, commanders in chief, squadron and 
train commanders of the Atlantic, Pacific, and Asiatic Fleets. 
These reports will comprise a monthly review of all communica- 
tion maintenance, material supply, and construction activities of 
the Naval Comniunication Service. 

31-80. By commanding officers of air stations and air detach- 
ments, via the yard having supervision over communication main- 
tenance, material supply, and construction matters, to the Bureau 
of Engineering, a report of aircraft communication material on 
hand, apparatus installed in planes, and items of interest in re- 
gard to radio and pigeon connmunications. 

81-81. By officer in charge shore radio stations to Bureau of 
Engineering, when important changes are made in apparatus. 
This report shall be forwarded on Form N. Eng. 254 in the same 
manner as the annual description of shore radio installations. 

31-88. By officer in charge of shore radio stations to their main- 
tenance yard (district radio muterial oflicer), whenever a casualty 
occurs to apparatus which necessitates closing down of the sta- 
tion, Also whenever repairs of apparatus due to cusvalty are be- 
yond the capacity of the station force. 

81-83. After each calibration of ships’ radio compasses by com- 
manding officers of vessels in cormmission, in reserve, and naval 
auxiliaries to Bureau of Engincering, a radio-compass deviation 
curve on Form N. Eng, 29. One copy to pe furnished the com- 
mander in chief and ene copy to the vessel's home yard. 

31-84, After each calibration of radio compass by officers in 
charge of shore radio-compass stutions to Bureau of Engineering, 
via maintenance vard. in duplicate, one copy to be retained at 
maintenance yard, radio-compass deviation curve on Form XN. 
Eng. 20. 

31-85. Theefollowing forms should he obtained from the Bureaa 
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ef Engineering: 
N Eng. 25A. Description of radio 
sbore station _---- }iy requisition on Form N. Eng. 52C, 
N. Eng. 25B. Description of 5 hip 
radio installation_- Teo. 
XN. Eng. 29. Radio-compass  calibra- 
tion report ------- Do. 
N. Eng. 74. Quarterly report of ¢@x- 
penditures —------- Do. 
N. Eng. 269. Description of ra dio 
installation fer 
smal] ships.------- Do. 
XN. Ene. 71. Description of sound ap- 
paratus_---------- Do. 
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21-100. (1) Spark transmitters come uncer the 2 
damped wave apparatus and are found in three 
Naval Service: 
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(a@) 500-cycle quenched-spark transmitters. 
(0) Auxiliary transmitters. 
(c) Motor buzzer transmitters. 

(2) The first two types are generally considered quite similar 
in operation. the main difference being in the frequency and the 
type of spark gap employed. 

(3) The operation of the third type is similar to that of a 
buzzer excited circuit and uses a direct current supply. A de- 
scription of each type is given in the following: 
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31-101. All spark transmitters supply power to the antenna Antenna osell- 


circuit at intervals, not continuously. The antenna circuit is 
then permitted to oscillate at its own pericd, more or less inde- 
pendently of the exciting circuit, depending upon the type of gap 
employed in the latter circuit. Because the antenna circuit has 
resistance and, further, because pewer is not supplied continu- 
ously to this circuit, the oscillations set up in the antenna increase 
in amplitude to a maximum value and then decrease, the rate of 
decrease or decrement being dependent upen the resistance, and 
the capacity to inductance ratio of the circuit. The decrement 
is usually measured by means of a decreneter, 

31-102. The 500-cycle transmitter, when adjusted properly, has 


lations. 


Group fre- 


a spark frequency ef 1,000 per second. This spark frequency is@@ency. 


dependent upon several factors, viz, the frequency and voltage of 
the alternating current supply, the size of the capacity to be 
charged, the length cf the gap, and the resistance and reactance 
of the charging circuit. A train of oscillations is set up in the 
antenna circuit by each recurring spark. Thus there ere 1,600 
wave trains per second. The oscillations in the wave train occur 
at a radio-frequency rate (the frequency of oscillations depends 
on the constants of the circuit), the number of oscillations in 
each wave train being determined by the decrement. The dura- 
tion of each wave train is extremely short. he wave trains 
eccur at intervals of one one-thousandth of a second (one per 
spark) and are separated by relatively long periods in which no 
action takes place. The distinctive note ef a transmitter, as 
heard in the telephones, corresponds to the spark frequency. 


CA) THe 500-CyYcLeE QvVENCHED-SPARK TRANSMITTER. 
PART 1.-—THEORY, 


31-103. The Navy standard 500-cycle quenched-spark trans- 
mitter, figure 81-2, consists essentially of three circuits, namely: 

{1) 500-ceycle circuit including the armature of the alternator 
leads and primary coils of the 560-cycle step-up transformer, 
secondary cols of the step-up transformer, leads und closed 
circuit condenser. 

(2) Closed, oscillatory circuit including closed circuit condenser, 
spark gap, closed circuit miductance and leads, 

(3) Antenna cireuit : Win fea 
circuit asin oe loading inductances, ground connection and 
leads. 

81-104. Power for this Lrinsiitier is usually supplied by a 
motor-generator set, the meter of which is adapted tu the voltage 
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and type of current available. Frequently the motor is re- 
placed by some other type of prime mover, such as an oil or 
gasoline engine. The alternator is of the 500-cycle single-phase 
inductor type. The armature winding consists of two sets of coils. 
The voltage can be changed by a series or parallel connection of 
the armature coils and by varying the excitation current of the 
field coil. In practice, the armature coils are usually connected 
in series, and the no-load voltage is approximately 275 volts. 
31-105. The 500-cyele circuit is usually adjusted to be resonant 
at a frequency of 440 cycles. The inductance of this circuit in- 
cludes that of the alternator, leads, reactance, and also a portion 
is contributed by the transformer as a result of the magnetic leak- 
age. The capacity is primarily supplied by the closed circuit con- 
denser. It has been found that, due to the action of the spark gap 
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Fic. 81-2.—Circvit diagram of 5')-cyele, quenched-spark transmitter. 
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when it breaks down, the closed circuit condenser ucts as if it had 
a somewhat greater capacity than its actual value. The circuit 
is adjusted to be resonant to a frequency lower than that im- 
pressed upon it, in order that the action of the gap may be uni- 
form, thereby preventing the note of the transmitter from soaring. 
The condenser is charged alternately to a positive and negative 
maximum value at a frequency corresponding to that of the 
alternator, namely, 500 cycles. 

81-106. (1) The clesed circuit, consisting of the closed circuit 
condenser, quenched-spark gap, primary circuit inductance and 
Jeads, oscillates at a radio frequency, the period depending almost 
entirely on the amount of the inductance and capacity in the cir- 
cuit. Resistance has very little influence on this period. The 
theory of the circuit is as foHows: 

(2) When the spark gap length, resistance and reactance of 
the charging circuit, ete, have been properly adjusted the con- 
denser is then charged to a voltage sufficiently high to break down 
the gap at each positive and negative maximum amplitude and 
one spark per alternation occurs. The spark ionizes the gap, 
making it a conductor, and oscillations are set up in the closed 
circuit. These oscillations induce oscillations in the antenna cir- 
cuit. When the oscillations in the antenna circuit reach their 
maximum value they react on the oscillations in the closed circuit 
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through the coupler, decreasing the ampiitude of the latter. The 
resulting current in the closed circuit is insufficient to keep the 
gap fonized and the gap rapidly becomes deionized and noncon- 
ducting. Further oscillation is impossible in the closed circuit. 
The circuit becomes inactive and the antenna is permitted to 
oscillate in its own period until all the power transferred to it 
has been dissipated. This entire operation is repeated with each 
recurring spark. The momentary current flowing in the closed 
circuit is very heavy and, if the antenna circuit is not coupled 
and in tune, there is a serious danger that the spark gap will be 
burned up, because the power will then be dissipated in a long 
series of current surges in the closed ci it, Instead of being 
transferred by induction to the antenna circuit. 

31-107, (1) The antenna circuit includes the antenna, coupling 
inductance, loading inductance, ground connection, radiation 
ammeter, and Jeads, and acts as a circuit containing inductance 
and capacity in series, The inductance is that of the coupling and 
loading coils and the capacity that of the antenna system: to 
fround, the antenna being ene plate and the ground the other 
plate of the condenser. The antenna circuit is usually tuned to 
resonance with the primary cirenit by means of sliding contacts 
ou the inductance coils. The inductance can not be reduced beyond 
that of the coupling cetl which is necessary to transfer the power 
from the primary circuit tu the antenna cireuit. In order to 
cbtain still shorter waves a capacity is placed in series with the 
antenna capacity to reduce the capacity of the cireuit, The 
antenna circuit can then be tuned to resonance with the primary 
circuit at wave lengths shorter than otherwise possible, 

(2) Oscillations are set up in the antenna circuit by indue- 
tion from the primary circuit, and maximum effect is always pro- 
duced in the antenna circuit when it is in resonance with the pri- 
mary circuit. 

(8) When adjustments have been properiy made throughout the 
set, the decrement of the antenna circuit will be lowest for the 
reason that, after the power has Leen transferred to the antenna 
circuit, the gap opens and remains inoperative and the antenna 
circuit is left to oscillate at its own period and with its own decre- 
ment. The period is determined solely by the inductance and 
‘apacity of the circuit. The total resistance of the antenna cir- 
cuit including ohmic, ground, dielectric, and radiation resistance, 
determines the losses in the circuit. The only useful resistance is 
that due to radiation and is dependent on the height of antenna 
and the wave length employed. The radiated power is given by 
the product of the square of the antenna current and the radiation 
resistance, 

(4) The total antenna resistance does net affect the period of 
oscillations but does play an important part in determining th 
number of oscillations in each wave train; the higher the resist- 
ance the fewer will be the number of waves in the wave train 
and the more highly damped will be the circuit, The cscillations 
set up in the antenna circuit rise rapidly to a maximum value and 
then decrease in amplitude with a constant ratio between sueces- 
sive oscillations in the same direction. The more oscillations 
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there are in a wave train the more nearly does the character of 
the radiated wave approach that of a continuous wave transmitter. 
The average decrement is usually 0.05 and, at a distance, the sig- 
nal tunes in very sharply on the receiving set, thereby causing very 


little interference. 


Table of stand- 81-108. Data on the standard types of 500-cycle quenched-spark 
ard installation. transmitters now in general use is given in the following table: 


Kilo- Wave- Number 
Watt Type number. length of wave ype vessel used on. 
. range. lengths. | 
i 
BS OM 006s 2 ae clea rae catgacueiiaeeasia las | Auxiliary for vessels equipped 
! with 2and 5-kilowatt are sets. 
2 Shipping Board ships. 
2) Bo. 
6! Submarine power boats, tugs 
: (small), submarines. 
Gj Do. 
i 6 | _ Do 
1 6 | Mine sweepers. 
3, Shipping Board. 
6 | Submarine chasers. 
6) Do. 
2 | ONE B02 ce. rokncteceeeeete = 8 . Airplane bases. 
I 80-1905 8 oN vessels. 
300-1005 | oan Do. 
R 5 | S| Do. 
H i 8 Lo. 
300-1908 | 8 Do. 
300-1908 | 8! Do. 
300-600 | 3! Shipping Board. 
300-600 ! 3 | Do. 
5 | 600-1905 3 | Battleships (secondary), destroy: 
f | erg, tenders, auxiiiaries. 
300-3020 en Do. 
300-3020 | 11 (any 9) i Do. 
300-8020 }| Li(any 9)! Do, 
300, 3020 | 11 (any 9) | Do. 
10 750-3020 8: Battleships. 
© 730-3020 | 8: Do. 
PART 2.-—DESCRIPTION, 


81-112, The fullowing description of the 5-kilowatt, 500-cycle 
quenched-spark trnusimitter, type GR 1125 applies to practically 
ull powers and types of quenched-spark transmitters used by the 


Navy. 


Motor genera- 31-113. The motor generator consists of a 120-volt direct cur- 


tor. 


direct 


rent, 10-horsepower, 4-pole motor with commutating poles, speed 
1,666 revolution per minute, 


connected to a 250-voit, 


5-kilowait, 500-cycle, single-phase inductor-type alternator, The 
armature of the motor and the rotor of the alternator are mounted 
on the same shaft supported by two end bearings. The complete 
unit is semiinclosed and has overall efficiency of approximately 
70 per cent. The bearings are of the ring oil type made of cast 
iron with babbitt lining of ample surface and held in place with 
set screws. Hinged covers are fitted over the opening in the top 
of the bearing housings to keep dust out of the bearings. Sight 
gauges are provided to indicate the ofi level, and the ends of the 
hearing housings are fitted with oil-tizht brass caps. Terminal 
boxes with an insulated interior fitting provide means of con- 
nection to the motor and alternator. 
leads to the interior of the machine are tapered plugs which 
terminate in threaded bole ends, thereby permitting them to be 


The lugs on the ends of 
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easily drawn up tight in the taper holes of the terminal blocks. 
The boxes are tapped for conduit or terminal tubes for the 
exterior wiring. 

31-114. (1) The transformer is of the closed core type and its The trang- 
construction is very simple and access to the different parts easy. former. 

In a typical transformer the primary coil consists of 57 turns, two Primary coil. 
wires in parallel and two layers, diameter of wire 0.1285-inch 

(No. 8 B. & S.), and is wound directly over one limb of the core 

and amply insulated from the core by a tube. 

(2) The secondary winding is in eight sections mounted on a The secondary 
heavy micanite tube which is slipped over the primary coil, Winding. 
Fach coil is wound with No. 22 B. & 8S. gauge D. S. C. wire in 18 
layers, 17 turns per layer; total, 8306 turns per coil. The layers 
are insulated with linotape and the wire run through hot 
“Ohmiac” while being wound, and the same compound used for 
filling the interstices of the coils. Each coil is taped twice, 
varnished, and dried. The coils are insulated from each other 
by a micanite washer 40 mils in thickness. 

(3) A reactance coil is contained in the transformer case. fhe reactance 
This coil is used when necessary to bring the 500-cycle circuit to coll. 
exact resonance with the assigned frequency of 440 for which 
purpose a step by step adjustment is provided. 

(4) The safety-spark gap should always be set at three-tenths The safety: 
of an inch. The purpose of this gap is to protect the secondary spark gap. 
from being burned out, due to the quenched-spark or rotary gap 
not functioning properly or when either one has been set too wide. 

31-115. (1) The switchboard contains the switches, circuit break- The switch. 
ers, instruments, and rheostats necessary to the proper control of board. 
the direct-current and low-voltage alternating current circuits of 
the transmitting set. 

(2) There are three D. P.S.T. switches mounted on the board. 

They control (a@) the direct-current supply to the motor; (8) 
the direct-current auxiliary power circuit, and (c) the 500-cycle 
low-voltage alternating-current circuit. 

(3) A deuble pole circuit breaker is placed in the lower left- 
hand corner of the lower panel of the switchboard and protects 
the direct current circuit from a serious overload cue to short- 
circuit or failure of the automatic motor starter to function 
properly or when the hand starter is operated too rapidly. 

(4) A double pole solenoid switch is mounted in the lower 
right-hand corner of the same panel and is operated by direct 
current. the cireuit for each solenoid being closed or opened by 
the send-receive switch. One contact controls the 500-cyele alter- 
nating-current cireuit, while the other is in series with the alter- 
nator field coil circuit. Both contacts are closed in the “send” 
position and open in the “receive” position of the send-receive 
switch, thus constituting a safety device. 

(5) Six instruments are included in the switchboard equip- 
ment. These are (a) alternating-current wattmeter; (0) fre- 
quency meter; (¢c) alternating-current ammeter; (d@) alternating- 
current voltmeter; (e) direet-current ammeter; (f) direct-current 
voltmeter. Enough information can be obtained at all times from 
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these instruments for the proper and efficient control of the entire 
transmitting set exclusive of the radio-frequency circuits. 

(6) Two rheostats are also supplied, one for varying the tield 
strength of the generator, the other for varying the field strength 
of the motor. The first controls the voltage of the generator 
within rather wide limits for any given speed of. the motor 
generator set, while the second controls the speed of the motor 
generator sct, and hence the frequency of the alternator. 

(7) A relay key, which breaks the alternating-current circuit 
and is operated by a hand-key on the direct-current supply, is fre- 
quently mounted on the switchboard below the A. C. D. P. &. T. 
switch. 

31-116. A 5-pole double-throw transfer switch is supplied for 
connecting the direct current supply to either the automatic 
starter or hand starter. Normally, the automatic starter is used, 
the hand starter being employed only in cases of emergency, 

81-117. Two types of spark gaps are supplied with thisset. They 
are the quenched-spark gap unit and the rotary gap unit, the first 
being generally used. 

(1) The quenched gap consists of 15 gaps in series. The num- 
ber of gaps employed can be regulated hy means of sliding clips. 
Defective gaps may be cut out of circuit by short-circuiting clips. 
Each gap is a complete unit and is made airtight by means of 
suitable gaskets. There are two sparking surfaces in each unit, 
which are plane and parallel to each other, the proper separation 
of 10 mils between the surfaces being effected by the thickness of 
the gasket. Individual gaps are clamped together to make the 
assembly, and the whole assembly kept cool by natural radiation 
from fins attached to the sparking surfaces. In some insialla- 
tions forced cooling is employed, in which case a blower is used. 

(2) The rotary gap is of the nonsynchronous type and consists 


The rotsryof two parts (@) stator, and (0b) rotor. A pure musical note, 


gap. 


Condensers. 


frequency 1,000, can be obtained. In addition, 500, 250, or 123 
sparks per second can be obtained by decreasing the generator 
voltage. It is possible to operate at high power when the 1,000- 
spark per second note is employed, the break frequency in this 
ease being approximately 5,660 per second. This is accomplished 
by the vernier arrangement of the electrodes, there being more 
revolving than stationary electrodes. Because of thix unequal 
number of electrodes, there are a number of sparks around the 
cireuniference of the gap, while one of the revolving electrodes is 
passing from one stationary electrode to the next. There are 14 
revolving and 12 stationary electrodes, 

31-118. The condensers are of the mica dielectric type. Fach 
unit has a capacity of 0.004 ef. There are eight condensers in 
each set, which are mounted in a condenser rack, and the conriec- 
tions are made in such a way that for wave lengths above 538 
meters all eight condensers sre connected in parallel, capacity 
0.082 uf. For all wave lengths below 690 meters they are divided 
in two banks in seties, each bank containing four condensers in 
parallel, the total canacity being 0.008 pf. Full power can only 
be realized on those wave lengths employing all the condensers 
in parallel. 
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81-119. (1) The inductive coupler consists of two coils insu- 
lated from each. other, one being fixed and the other movable. 
The amount of separation hetween the coils is controlled by a lever 
on the side of the coupler. Both coils are made of copper ribbon 
wound in spiral form, The fixed coil is the closed oscillatory cir- 
cuit inductance and is in series with the spark gap and trans- 
inittine condenser. Contacts are provided on the front panel of 
the coupler for making the necessary connections to the condenser 
bank and to the primary inductance coil of the coupler. Taps 
are brought from the proper points on this coil to the contacts and 
a hand-operated lever is provided for making the varivts neces- 
sary connections. 

(2) The inductive coupler also functions as a wave changer in 
that the wave length can be changed to previously determined 
values by means of the wave-changer switch. The shaft of this 
ware-changer switch carries on its far end a switch bar which 
makes contact on studs on the rear panel. The movable coil is 
included in the antenna circuit and is similar to the closed circuit 
inductance coil in that taps are brought from previously deter- 
mined points on it to the proper studs on the rear panel. In this 
manner the weve changer switch cuts in or out approximately the 
proper amount of inductance for both the clesed and antenna 
circuits. 

81-120, No variometer is supplied with this set. Some tynes of 
sets are equipped with a variometer which is connected in series 
with the wave changer closed circuit inductance and consists of 
a few turns of spirally wound copper ribbon with a continuously 
variable or sliding contact finger mounted on the front panel. 
The purpose of the variometer is to permit a very close adjust- 
ment to the wave length of the closed circuit, thereby obviating 
the necessity of adjusting the clips on the closed circuit induec- 
tance with great precision. 

31-121. The antenna loading inductance consists of eight 
spirally wound copper-ribbon coils, quite similar in construction 
to the coils used in the inductive coupler, These coils are 
mounted on three insulating rods by clamps attached to their 
rims, and are connected in series by a strip passing from one coil 
to the next. The amount of inductance used in each coil can be 
varied continuously by turning a knob located near the rim of 
the coil, This knob is connected to a mechanism which revolves 
a clip that slides along the copper ribbon. A terminal is sup- 
plied on each coil for making connection to the proper contact 
stud on the rear panel of the inductive coupler and wave 
changer. There are as many coils in the antenna loading induc- 
tunce unit as there are outgoing terminals on the wave changer 
switch. 

81-122. (1) The send-receive switch is located in a position con- 
venient to the opcrator’s hand and is used primarily for trans- 
ferring the antenna from the transmitter set to the receiving 
set, aud at the same time opens or closes the proper circuits. 

(2) In the “send” position (horizontal), the send-receive 
switch performs the following opcratians: 

(a) Closes a break in field cirenit of alternator, 
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(b) Closes circuit that operates the solenoid of clapper switch 
on switchboard (which is a double-pole switch and controls alter- 
nator field and armature). 

(c) Closes circuit that operates detector protective relay. 

(d) Closes one spare set of contacts. 

(e) Grounds the terminal that connects to receiver, 

(f) Connects antenna to loading coil of transmitter. 

(3) In the “receive” position (vertical), the switch does the 
following: 

(g) Opens contacts closed by operations (a2), (6), (e), (ad). 

(hk) Connects receiver lead to the antenna. The connection (e) 
should remain closed until the antenna is grounded just before 
the switch reaches the final receiving position; contact (b) opens 
before (@) so that spark on breaking the field will occur at the 
clapper switch and not at the antenna switch unless the clapper 
switch should fail to open. 

Lightning 61-123. A switch is mounted next to the antenna lead-in and 
Smuts is used for connecting the antenna to the “ send-receive ” switch, 
or directly to ground for the protection of all the apparatus. 
Protective dew 31-124. (1) Protective devices are installed with the transmit- 
Ma ter set to protect the following apparatus: 
(a) Alternator armature. 
(b) Direct current motor armature. 
(ce) Alternator field and direct current motor field. 
(@) Primary of transformer. 
(e) All auxiliary motors. 

(2) The protective device consists of two mica dielectric con- 
densers of approximately 0.05 uf each, connected in series 
across the line to be protected, with the common connecting wire 
connected to the metal protective casing, which in turn is 
grounded. 

Antenna ame 31-125, A antenna ammeter is connected in series with the 
mee antenna circuit next to the ground connection to indicate the 
current flowing in the antenna circuit. 


” 
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Gide ecient: 81-129. The best performance and greatest efficiency of the 
transmitter is obtained when the 500-cycle circuit is resonant to 
he proper frequency. This frequency is 440 eycles for all Navy 
standard 500-cycle quenched-spark transmitters. It should, there- 
fore, be ascertained whether or not the 500-cycle circuit is res- 
onant to this frequency; and if not, it should be adjusted to 
440 cycles. It was stated in Article 31-105 that, due to the 
short-circuiting action of the spurk gap, the condenser assumes 
a fictitious value somewhat greater than the actual. Clearness of 
note, maximum radiation, and proper quenching are all closely 
related to the proper tuning of the 500-eycle circuit. 

dance ned ot 81-130. (1) (@) Open quenched-spark gap completely so that no 

frequeney of sparking will occur, 

500-ejele cireuit. (4) Start motor generator set. 

(c) Reduce frequency to lowest value possible. 
(72) Open alternator field circuit. (This is very importunt.) 
(e) Close transmitting key. 
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(f) Vary motor speed (alternator frequency) slowly from low- 
est to highest and carefully watch alternating current ammeter 
for maximum reading. 

(g) Note frequency at which maximum reading of alternating 
current ammeter occurs. This is the resonant frequency. 

(2) If this frequency is above or below 440 cycles, the circuit 
should be adjusted to be resonant to approximately 440 cycles. 
This is done by changing the inductance of the circuit, more 
inductance being added if the resonant frequency is above 440 
cycles and some of the inductance removed if below this fre- 
quency. The device used for this purpose is called the reactance 
regulator, It is situated in the transformer casing, and is fur- 
nished with taps so that the amount of reactance may be varied 
by steps, 

(3) This operation should be performed for each combination 
of motor generator and transformer when the set is installed. 
After this operation has been completed the transmitting set is 
ready for wave-length tuning, 

31-131. Most transmitters ave able to transmit on several differ- 
ent wave lengths, the 5-kilowatt set just described having eight 
wave lengths. The procedure for tuning is as follows: 

(1) Loosen coupling between primary and secondary coils of 
inductive coupler. 

(2) Start motor generator set, 

(3) Throw send-receive switch to send position and disconnect 
antenna by throwing lightning switch to ground. 

(4) Reduce number of gaps cut in to two or three, 

(5) Reduce alternating current voltage to very low value. 

(6) Adjust frequency to 500 cycles. 

(7) Adjust primary inductance to the required wave length, 
beginning with the longest to be used, and use a wavemeter 
coupled to the primary inductance for the determination of the 
wave length. (In making this adjustment do not keep the key 
closed any longer than necessary and clip the flexible lead to the 
point on the coil which gives the exact wave length, care being 
taken to allow room for the other leads.) 

(8) Proceed in the same manner as above for the remaining 
wave lengths, The first tuning of the primary circuit is now com- 
plete, 

(2) Set secondary (movable) coil approximately 24 inches from 
the primary coil and lock it in this position. 

(10) Connect antenna loading inductance coils to proper con- 
tact stud of secondary coil and from same contact stud run flexible 
lead to secondary coil cutting into circuit most of this coil. 

(11) Adjust antenna circuit to resonance by varying the amount 
ef inductance in the loading coil marked with the same wave 
length as that on the contact stud. Resonance is obtained when 
the radiation ammeter shows maximum deflection. 

fiz) Vary the coupling between the primary and secondary 
coils of the inductive coupler. If the radiation is greater at a 
coupling point quite far from the original setting (24 inches), 
change the amount of inductance in the secondary coil, increasing 
the inductance if the coupling is looser and decreasing if the 
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coupling is tighter than that desired. Compensate for the change 
by retuning with the loading inductance. 

(18) Repeat this operation for all wave lengths, striving to 
keep the best coupling point as close as possible to the 23-inch 
setting. 

(14) Measure the wave length of the antenna cireuit at each 
setting, making sure that the wavemeter is actuated by the 
antenna circuit and not by the closed circuit. 

(45) Should any of the wave lengths, as determined by a 
wavemeter, be found off, readjust both primary and secondary 
until on wave length. (Due to the inductance of the leads it is 
always best to start at the longest wave length and work down 
to the shortest when tuning a transmitting set, because the addi- 
tion of the various leads has less effect on the lenger wave lengths 
where more inductance is in the circuit than on the sherter.) 
The transmitting set is now ready for high-power adjustment and 
tuning. 

81-182. (1) It is very important that the same number of saps 
be used throughout this adjustment, as otherwise the coupling, 
note, quenching, and wave length will vary, making it next to 
impossible to tune the set. The procedure is as follows: 

(a) Cut in the proper number of gaps and set wave changer 
switch on longest wave length. 

(b) Increase alternating current voltage. 

(c) Depress key and adjust frequency to 500 cycles. 

(7) Vary alternating current voltage until spark note sounds 
clear (1,000 sparks per second). 

(e) Adjust coupling between primary and secondary slowly and 
earefully, noting antenna ammeter reading and clearness of note. 

(f) Make final adjustment for voltage, coupling and resonance 
and measure the wave length. 

(2) Care must be taken when operating at High power. The 
key should not be kept closed any longer than absolutely neces- 
sary and dashes should be made only when a reading of the 
various instruments is necessary. Adjustment to proper voltage 
for clear note is best made while sending letters. The pcint to 
be remembered is that the spark gap will be seriousiy injured 
if the antenna does not radiate at its maximum, 

(3) It will probably be found that the wave-length adjustments 
will need to be changed somewhat for high power. Final adjust- 
ment can be made only by trial. When ail adjustments have 
been made, the transmitter should function efliciently and proep- 
erly on all the wave lengths. Proper quenching will take place 
and the gap will not heat excessively. Only one wave will he 
radiated and the decrement will be the lowest obtainable for that 
particuar antenna system. 

(4) It is cory important that (a) both circuits be in resonance ; 
(») proper voltage for the number of gaps used be supplied; (¢) 
best coupling exist between the primary and secondary. In no 
case should the antenna circuit he detuned (thrown out of resc- 
nance with the primary), because (@) there will be a reaction 
between the two circuits and two waves will be radiated which 
can be found on a wavemeter coupled to the antenna circuit; (%) 
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the gap will not quench properly, thereby heating, and power 
will be retransferred from the antenna to the primary and back 
again to the antenna, and the decrement will be increased due 
to this retransfer of power. In other words, the utility and 
efficiency of the quenched spark system will be entirely lost. 

31-133. Whenever it is desired to transmit on maximum power, Maximum pow- 
special adjustments should invariably be made with a view to °? *djustmeat. 
obtaining maximum output and maximum efficiency, thereby re 
ducing injury to the set. The voltage, number of gaps, coupling. 
and tuning of the secondary cireuit to the primary circuit should 
be carefully adjusted. 


PART 4,—INSTALLATION, 


31-136. (1) Install motor generator set in an accessible loca- Motor geners- 
tion. care being taken that the location js suitable from the stand- tor. 
point of low temperature, dryness, and that the shaft is in a fore 
and aft position. 

(2) The switchboard should be installed handy to the operator Switchboard. 
and spaced sufficiently from the bulkhead to allow access at the 
rear. 

(3) The transformers should be located under the table near Transformers. 
the condenser rack and the primary transformer transfer switch, 
duc regard being given to the pretection of the operator from the 
high potential leads and accessibility. 

(4) The condenser rack should be installed as close as possible Condenser 
to the transformer secondary. spark gaps, and closed cireuit in-*8** 
ductance of the wave changer. Sharp bends and long leads 
should he avoided. 

(5) The spark gaps should be installed in an accessible position Spark gaps. 
and the leads to the rotary gap made as nearly the same as those 
to the quenched spark gap in order that the wave length will not 
be changed appreciably when one type of gap is substituted for 
the other. The rotary gap should be installed with its shaft in 
the vertical position. 

(G) The inductive coupler and wave changer should be in-  Induetive cou- 
stalled on the table accessible to the operator’s hand. - ea ware 

(7) The antenna loading inductanee should be mounted Antenna load- 
directly above and on the wave changer whenever practicable, 1"& inductance. 

(8S) The accessories, including send-receive switch, hand and — Accessories, 
emergency transmitting keys should be located so that the oper- 
ater can manipulate them with the least amount of effort. In 
fact. the whole installation should be made with a view toward 
rendering the entire set accessible and easy to operate, thereby 
tending to increase the efficiency of the operating personnel. 


PART 5.—CARE AND UPKEEP, 


81-138. A transmitting set maintained in excellent condition 
reflects the efficiency and the morale of the operating personnel. 
The set will render better service when it is weil kept and properly 
treated. Common sense plus a little knowledge of machinery 
and a working knowledge of radio apparatus are all that are 
required to obtain this end. 
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31-139. The motor generator set should be inspected each morn- 
ing and the bearings replenished with oil whenever necessary. 
Oil is supplied to the bearing surface by a ring which carries 
the oil up from the oil well. As long as oil is carried over by 
this ring and the bearing does not feel hot (compared to the other 
parts of the motor generator) the bearing is in good condition. 
Should the oil in the well become too low, the ring will not 
supply oil to the bearing. This results in expansion of the bear- 
ing and shaft, which causes “ freezing,” or the bearing meits 
allowing the rotating element to strike the pole faces, thereby 
putting the motor generator set out of commission. The sight 
gauge on the bearing indicates the level of the oil in the oil well. 
Reliance should not be piaced on these gauges wnless ther are 
known to be in good operating condition, as they become clogged 
up from time to time. Renew the oil once per month and clean 
oil gauges. 

31-140. The instruments on the switchboard are properly con- 
nected at the navy yard and should not be tampered with. They 
will stand a moderate overload (off scale) without injury, but 
there is no occasion to operate under this condition. The direct- 
current instruments (voltmeter and ammeter) require proper 
connections to the circuit (positive to positive and negative to 
negative), otherwise they will read backward, thereby bending 
the needle. The alternating-current instruments have no polarity 
and will give a correct indication when connected to the alter- 
nating-current circuit (ammeter in series and voltmeter across 
the line). The frequency meter may be adjusted to read correctly 
by means of the adjustment arm on the box, when provided, 
located on the rear of the switchboard. For this purpose the 
generator should be run at a speed to give 500 cycles (use a revo- 
lution counter for determining the speed of the generator), and 
the two adjusting arms moved to cut in or out inductance and 
resistance until the frequency meter reads 500. 

31-141. The circuit breaker in the direct-current line is pro- 
vided mainly for the purpose of protecting the motor of the motor 
generator set and should be set to trip at a current value slightly 
in excess of that required to start the motor generator set. The 
circuit breaker should be thrown in one pole at a thine and besere 
the main switch is closed otherwise it will not function as a 
protective device. Should the cireuit breaker release during oper- 
ation, the cause for this should be investigated and remedied 
before again closing the circuit breaker. Frequently the cireuit 
breaker will open because the automatic motor starter contacts 
operate too rapidly and do not allow the motor to get up sufficient 
speed between steps. The ofl dashpot type of automatic starter 
is particularly hard to adjust. the retarding action of the oi! being 
dependent on the temperature. 

31-142. The switch blades and all contacts should be kept clean 
and smooth. Arcing at contacts should he prevented except where 
arcing is expected, as at the circuit-breaker carbon contacts and 
elapper-switch carbon contacts. 

81-113. Oversize fuses should not be used, but the cause for 
fuses burning out should be investigated and remedied. Fuses 
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will carry a large overload without blowing. This is especially 
true of momentary overloads. 

31-144. (1) The transformers give very little trouble, especially 
the primary winding. The primary can, however, become short- 
circuited between turns or be burned out (very rare). An open- 
circuited primary is indicated by no reading on the alternating- 
current ammeter when the key is closed, when the rest of the 
circuit is in good condition. Short-circuited turns are more 
difficult to discover and are indicated by heavy current and fail- 
ure to break down the quenched-spark gap. If the secondary 
winding is intact and the proper capacity being used, short- 
circuited turns are also indicated by a change in the natural fre- 
quency of the circuit and, if key is kept closed for a short time, 
smoke will be given off. 

(2) The secondary coils frequently burn out, caused by radio 
frequency and high potential surges from the oscillatory circuits. 
A burned-out secondary is indicated by failure of the transformer 
to break down the quenched-spark gap with ordinary voltages im- 
pressed on the primary; the primary eurrent will also be very 
low. If one of the coils is short-circuited, the veltage will not be 
sufficient to break down the gap, and a clear note can not be 
obtained under any circumstances, due to the 500-cycle circuit 
being out of adjustment; more primary current than the normal 
value will flow. The secondary can be tested for open or short 
circuit by a Wheatstone bridge, care being taken to allow sufficient 
time afier depressing the battery key on the Wheatstone bridge to 
allow the bridge current to reach a steady value in the coil before 
depressing the galvanometer key. Have galvanonieter key open 
before opening battery key in order to protect the galvanometer 
from the inductive “ kick.” 

(3) If the secondary winding is found to be defective, it will 
be necessary to disassemble the transformer, After disassembly, 
test each coil separately for continuity and replace defective 
coil with a spare, care being taken to place the coil properly 
with regard to direction of winding. 

81-145. (1) The quenched-spark gap requires considerable at- 
tention. The amount of care required to maintain this gap in 
excellent condition depends upon the amount of operating done, 
whether high or low power is used and, above all, on the proper 
tuning of the transmitter. Increased radiation is the result of 
a clean gap. 

(2) A defective unit can be detected by a drop in the radia- 
tion, by the spark-eap tester, and by a change in the note. A gap 
in good condition should show a heavy white spark when tested 
with the spark-gcap tester. A weak spark, or the absence of any 
spark at the tester point, is an indication that that spark gap 
is defective. 

(3) The defective gaps should be disassembled and. cleaned. 
For this purpose cover a piane faceplate wiih crocus clulit aid, 
placing the sparking surface of the gap on it, give the gap a 
retary motion. One type of gap has a gasket rim equal in height 
to the sparking surface. The rim and sparking surface can, there- 
fore, be dressed down simultaneously, Another type has its 
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gasket rim lower than the sparking surface. With this type care 
must be taken not to round off the edges of the sparking surface. 

(4) The sparking surface is of silver or copper, the silver sur- 
face being about one thirty-second of an inch deep. In dressing 
down any sparking surface do not attempt to remove all the 
pits, but dress off the high spots. Test the sparking surface with 
a straightedge. If no light shows under the straightedge, the 
surface is true. Where a lathe is available the spark gap unit 
may be revolved and dressed down by the use of crocus cloth 
held by a plane surface. 

(5) The standard spark gap gasket is made of 35 mil fish 
paper, The gaskets should be renewed whenever the spark gap 
is cleaned. This type of gasket will keep the spark gap air- 
tight but, on account of its compress‘hility, will gradually reduce 
the spark-gap Iength until a short circuit results, The gasket 
rim for this tyne of gasket. is below the sparking surface so that 
the normal separation of the sparking surfaces will be 10 mils, 

(6) The mica gasket is rather difficult to handle and is not 
ahsolutely airtight, but has an advantage over the fish-paper 
gasket in that it is not affected by heat, whereas the fish-paper 
gasket rapidly deteriorates due to the heat of the snark gap. 
Should mica be substituted for fish paper, care must be taken 
to build up the mica gasket to a thickness of 35 mils. Mica 
gaskets do not need frequent renewals. Broken or erncked mica 
gaskets should he replaced. 

31-146. (1) The rotary spark gap operates best when the 
natural frequency of the 500-cycle circuit is close to 500 eyeles, 
Where a reactance regulator is supplied, the 500-evele circuiz 
should be adjusted to be resonant to 500 eycles when transmission 
at full power is required. For ordinary intermittent and medium 
or Jow power transmitting, this natural frequency should not be 
adjusted, 

(2) The clearance hetween stationary and revolving electrodes 
is approximately one-eighth of an inch for full power and a 1,000- 
spark note, while for lower powers and the same note the clear- 
ance must Le reduecd until the correct amount is determined. 
About 50 per cent more current in the 500-eycle circuit is required 
for this type of gap than for the quenched-spark gap. 

(3) The gap may be adjusted to any desired length in the fol- 
lowing manner: 

(a) Remove cover. 

(5) Bring rotor electrode exactly opposite a stater elec- 
trode, 

(c) Loosen set screw on shank of stator electrode, 

(d@) Adjust clearance by inserting metal gauge of the de- 
sired thickness hetween the two electrodes, 

(e) Tighten set screw and at same time keep the two elec- 
trode tips in the same plane. 

(f) After adjustment has heen made revolve rotor by hand 
to test clearance hefore starting the motor. 

Both the stator and the rotor electrodes can be removed oniy 
after the rotor is removed from the motor shaft. It is not neces- 
sary to remove either set of electrodes except when badly worn. 
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(4) Whenever the rotary spark gap is substituted for the 
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necessary for best operation, because the circuits were tuned with 
the quenched-spark gap in circuit. Very good results, however, 
can be obtained by leaving unchanged the adjustments of the 
open and closed cireuits, varying only the position of the coupling 
coils of the inductive coupler until 2 maximum indication is ob- 
tained on the radiation ammeter. It is to be noted that even 
after a careful retuning of the transmitter circuits the maximum 
current in the antenna may be less than that obtained with the 
quenched-spark gap. 

31-147. The inductive coupler and wave changer switch ad- 
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helieve that the tuning and coupling are incorrect. The contact 
studs should be clean and bright and the wave changer switch 
should operate smoothly. The contacts should be adjusted so that 
there is no sparking, and the flexible leads should be arranged 
during calibration go that the maximum power can be used with- 
out sparking occurring between leads. 

31-148. The antenna loading inductance should be kept clean 
aud free from corrosion, and the sliding contacts should operate 
easliy and without sparking. 

31-149, (1) A little vaseline on the contacts and clips will pre- 
vent excessive wear and difficult cperntion of moving paris. 
Cleaning compounds should never be used on contacts and clips, 
and where used care should be exercised that all traces of the 
compound are removed after cleaning. Al bolts and nuts of the 
set should be kept tight and: the proper tool used for tightening 
them. Contacts are loosened by vibration, and unless tightened 
are likely to jam the moving parts, with consequent injury to the 
lnechanism, Contact fingers and rollers, and all other contact 
devices should always make good contact and be set so that they 
will not be jammed or bent out of shape. Poor contacts are a 
source of continual trouble, in that they produce sparking and 
usually insert high resistance into the circuit in which they are 
located, thereby decreasing the efficiency of the set. If sparking 
occurs, the contacts become blackened and pitted, frequently re- 
quiring a renewal of the parts injured, 

2) Injuries to the transmitter or faults should be cor- 
rected with the least possible delay, und not allowed to accumu- 
late. because in so doing a minor fault may develop into one 
sufficient to put the entire set out of commission. It should also 
be remenibered ihat a high resistance contact will not be noticed 
so readily on a transmitter as on a receiver. When a poor contact 
is included in the part of the transmitter common to the receiver, 
the transmitter will operate without any noticeable decrease in 
efficiency but, when receiving, it will reduce the strength of signal 
or even prevent any receiving, All contacts in the transmitter 
that are common tu the receiver should therefore be inspected 
frequently and kept in the best possible condition, 
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(B) AUXILIARY SPARK TRANSMIPTERS, 
PART 1—GENERAL, 


91-150. The auxiliary spark transmitting equipment has been 
designed to provide an additional radio station on a battleship or 
flagship which can be operated independently of and simulta- 
neously with the main or any other radio station in the same 
vessel for short range transinission. The amount of trafiic that 
ean be handled by a vessel that has the auxiliary spark traus- 
mitter equipment is greatly increased for the reason that the aux- 
jliary set can be used to move local traffic at the same time that 
the main radio receiving equipment is being used to handle the 
trafic coming from points outside the fleet. 

31-151. The problem of interference elimination is simplified 
by allocating the very short wave lengths (126 to 175 meters) to 
the auxiliary transmitter. This band of wave lengths is very far 
removed from the wave lengths of the main transmitter. Inter- 
ference is further reduced by installing the auxiliary transmitter 
in a separate radio room, known as the auxiliary radio room, 
which is located at a considerable distance from the main radio 
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Fre, 31-3.—Cireuit diagram of auxilary-spark transmitter. 


room, The special antenna used with the auxiliary transmitter 
is also placed as far as possible from the fields of the other 
antennas. 

PART 2—THEORY. 


General. 91-152, The auxiliary tramsinitier is a very much improved form 
of the old-style open-spark-gap type of transmitter and is arranged 
to operate with a very loose coupling between the closed and 
antenna circuits. It has, in addition, a special “ shock absorbing ” 
feature. 

Primary clr- 81-153. Figure 31-38 is a simplified diagram of the auxiliary 

cult. spark transmitter. EE are the two halves of the primary induct- 
ance which are adjustable to give the wave jength range. The 
purpose of dividing the primary inductance in this manner is to 
equalize the distribution of potential along euch side of the pri- 
mary circuit. CC are the transmitting condensers, each having 
a capacity of 6.01 gf, The low-tension terminals of these two 
condensers are connected to the terminals of the coupling poard 
F. The circuit is continued from the other two terminals on the 
coupling board to antenna and ground respectively. 

Coupling. 31-154, The coupling beard F includes a capacity of 0.04 uf 
made up of eight small mica condensers which are clamped on 
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the coupling board and a small variable inductance. The coupling 
between the primary and antenna circuits is of the direct or 
conductive type. 

31-155. The primary circuit condensers CC are charged through 
the inductance H, the condenser G being short-circuited by this 
jnductance at the charging frequency of 250 cycles. In fact, the 
difference in potential between the plates of the condenser G 
when the circuit is charged is only a few microvolts. When the 
spark passes across the spark gap the cireuit oscillates at the 
frequency determined by the inductance EHE and the capacity 
cc of the circuit. The cemf of the inductance H now comes into 
action. The cundenser G is no longer shert-circuited and the 
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difference of potential between the plates rises to about 2,000 
volts. The antenna and ground being across this condenser, the 
antenna circuit is therefore charged by this difference of po- 
tential and is caused te osciHate. However, before the potential 
neross the plates of the condenser G ean rise at all the con- 
Genser must be charged. This precedure delays the charging of 
the arftenna and makes it a more gradual process, Thus, any 
shock is absorbed and the oscillations in the antenna build up 
gradually to a taximum value instead of abruptly reaching the 
maximum amplitude as is the case with other types of spark 
transmitters. 

Figure 31-4 shows the growth of current in the antenna cir- 
cuit for different types of spark tranusmirters, It will be seen 
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that the current rise is most gradual in the case of the auxiliary 
spark transmitter. This gradual growth of current in the antenna 
eliminates excitation of near-by antennas by impact or shock ; 
and for this reason, practically all interference by the simulta- 
ceous use of the auxiliary transmitter while receiving on another 
antenna is eliminated. This feature, together with the use of 
rejectors in the main radio room, practically removes interference 
from the auxiliary transmitter. That part of the interference 
due to sparking in the rigging, ete. will, of course, remain and 
must be dealt with locally, as the conditions will vary in different 
ships. 
PART 3.—DESCRIPTION, 


Types. 831-160. Two types of auxiliary spark transmitters have been 
ceveloped for the service. They are: 
Type SE 38381 (120-volt D. C. supply). 
Type SE 38612 (240-volt D. C. supply). 

The two types are similar in construction and operation ex- 
cept for the difference in the moter and motor controls due to the 
difference in the supply voltage. 

Features of the 31-161. (1) The generator is rated at 14 kilowatts, open-circuit 
various cicments. 
voltage 140 volts, full-load voltage 100 volts, speed, 2,140 revolu- 
tions per minute. frequency 250 cycles, synchronous impedance 3.75 
ohms. The motor generator has ball bearings and is supplied 
with the usual spare parts. 

(2) The motor field rheostat is designed to give a range of speed 
of from 10 below to 10 per cent above rated speed, i. e., from 
225 to 275 evcles. 

(8) The generator field rheostat gives a variation in open- 
circuit voltage of 40 to 140 volts. 

(4) The hand starter is of commercial design and provided 
with wall supports. 

(5) The transformer, type CAT 3548, is designed for a fre- 
quency of 250 cycles, primary voltage 100 volts, secondary voltage 
11.100 volts. The primary current is 10 amperes and the sec- 
ondary 0.09 ampere. The transformer is of the single-phase, air- 
cooled type and is provided with an external reactance mounted 
in the base of the transformer. 

Reactance, 31-162. (1) The reactance has five taps, introducing impedance 
in the circuit as follows: 


Tap No, 1__.-----------------------____-- 2. ohms. 
Tap No, 2--.----_ -- 2.7 ohms, 
Tap No. 38_~----------+-----2--____ 3. 2 ohms, 
Tap No. 4__----- ee 3. 7 ohms. 
Tap No, 5-.------ eee eee 4.2 ohms. 


(2) These taps are supplied since the impedance of leads from 
motor generator to transformer is different in different installa- 
tions, depending on length of leads, When installing, that tap 
should be used which gives an unbroken note at full gap length. 
This connection should be made permanently and should not be 
changed thereafter, In addition, there is supplied a fixed re- 
actance of about 12 ohms, which goes in series with the primary 
of the transformer and the variuble reactance mentioned above, 
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31-163. Four protective devices, type CD 53, are supplied to 
prevent radio-frequency oscillations from being carried to the 
generator and direct-current circuits. 

31-164. (1) The spark gap, type SE 3533, consists of a lead- 
lined wooden box, mounted on a brass bracket and containing one 
adjustable and one fixed copper electrode, each mounted on au 
porcelain insulator. 

(2) The top of the box is closed in by a cover which is hollow, 
and is fitted with baffies to deaden the sound of the spark. The 
air passages through the cover are lined with sheet asbestos, 
The air inlet from the blower is arranged in the bottom of the 
box and consists of a metal casting on which is secured a porcelain 
nozzle. 

(8) One end of the bex contains the side fitting, consisting of 
a brass casting to carry porcelain insulator type SE 1239, to 
whieh is secured the stationary electrade. The other end of the 
box carries the adjustable handle and fittings. A sliding sleeve 
is arranged to slide inte, er cut of the box, as the handle is 
revolved and carries on its end an insulator, type SE 1289, into 
which is screwed a gap electrode. By rotating the handle, the 
length of spark gap may he adjusted. 

(4) The hose from the hlower is secured to the metal casting 
of the inlet. The connections to the spark plugs are made 
through electrose insulators fitted in the side of the box, flexible 
leads joining the spark plugs te the terminals on the inside end 
of the insulators. 

31-165. (1) The transmitting condensers, type CD 3536, are of 
the samme physical dimensions as the standard type CD 158 con- 
densers, except that two binding posts are hrought out through the 
bakelite cover, and the case is grounded. Each unit has a 
capacity of 0.01 «f, making a total capacity of @.005 xf in the 
primary oscillating circuit. One condenser unit is connected in 
each side of primary circuit to equalize distribution of potential. 
The high tension terminals are connected to the primary fittings, 
and the low tension terminals are connected to the coupling board 
by 2x .s-inch copper strips. Figure 81-2 shows the circuit dia- 
grammatically. 

(2) The transmitting condensers, gap and primary fittings are 
mounted on a common hoider. 

31-166. The primary fittings form the adjustable inductance of 
the oscillating circuit, and consists of plain copper rods, four in 
number, two of which are in each half of the circuit. Clips are 
supplied for tuning purposes. The end clips should be fitted on 
permanently at the top of the rods. The second set of clips are 
put on when transmitting on 150 meters and removed when trans- 
mitting on any other wave length. 

21-167. The loading coil, type SE 8532, consists of nine turns 
of heavy copper wire. mounted on a base, insulated with electrese 
insulators. The base is fitted directly to the end of the trunk, 
the coil forming a prolongation of the trunk. Tuning is effected 
by means of a short flexible lead taken from end of lead-in insu- 
lator and clipping on to tuning clips placed on any desired turn 
on the leading cai], The tuning clips are simple roughened brass 
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tongues clamped to the antenna esi, he outer end of the 
antenna coil carries a copper strip which connects to the center 
terminal of the magnetic break key. 


Coupling 31-168. (1) The coupling board, tvpe SE 3566, consists of two 


board. 


Coupler. 


copper plates clamped together, but insulated from each other by 
a sheet of bakelite-dilecto. Two clamping bars, one on each side 
of the copper plates, are also fitted and mounted on the same buse. 
The base consists of a steel frame, the cepper plates and clumping 
bars being insulated from it. 

(2) In the center of the board, and at right angles to it, is 
mounted an inductance consisting of two concentric tubes of cop- 
per separated three-vourths ef an inch. he space between these 
tubes is bridged by a sliding annular contact. With this contact 
at its outer limit, the inductance is maximum, having a value of 
appreximately 0.04 wh. and the coupling is tightest. With the con- 
tact at its inner limit, the inductance is minimum, having a value 
of approximately 0.01 gh. and the coupling is loosest. A cireular 
hole is left in the upper copper plate, and reund it is riveted and 
sweated a thrended brass ring into which screws the outside 
evlinder of the inductance, which is afterwards sweated In place. 
The inner cylinder is simlurty fitted to the lower copper plate, a 
hole being left in the bakelite-dilecto plate to enable this to be 
done. 


Clamping bars. 31-169. The clamping bars on each side of the coupling board 


Coupling 
board = condens- 


ers. 


Break key. 


each carry four mica condensers, type Siu The condensers 
are easily removed aud replaced by uns xs the holding-down 
elamps and the screws holding the ends of the condenser-tab 
clamns, These clamps force the condenser tabs down onto the 
copper knife edges on the copper plates of the coupling board, 
thus Joining the condensers between the copper plates. 

81-170, 'The coupling board condensers are each composed of 
two elements joined in series, the joint capacity being 0.6055 uf. 
All eight condensers are joined in parallel between the sides of 
the coupling board, giving a total capacity of approximately 0.044 
ef. The condensers are built up of mica and copper foil, the 
two elements of each condenser being permanently joined in series 
and held together by u pieee of empire cloth, held in place by 
shellac. Each element is tested to stand 2.000 volts effective. 
The diagramatic connections of the coupling board are shown in 
figure 31-2. 

831-171, The break key, type S™ 3538. is electrically operated 
and performs two separate functions, i.e. it is a relay key oper- 
ated by Morse key, opening and closing the primary circuit of the 
transformer, and acts as a send-receive switch. The key is shown 
diagrammatically in figure 31-5, 

(2) A plunger “EF” carries an arm “P” having a copper con- 
taet “4.” which makes contact with a fixed copper contact “R™ 
controlling the main alternating current circuit. The plunger 
carries a second arm “1.” which alternately makes and breaks 
on two side contacts “MM and © M’” which are joined to the 
transmitting set and the receiving exbinet, respectively. These 
contacts are V-shaped springs, azainst which arm “T."’ alternately 
makes contact as the Morse key is released or depressed, 
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(3) In figure 31-5 the key is shown in the sending position. 
The receiving contact is grounded by means of the limit stop “0.” 
When the Morse key is released, contact between “Z” and “R” 
is broken, opening the primary circuit of the transformer; lever 
“L” breaks contact with transmitter contact “MM” makes con- 
tact with receiver contact “ MI’ ” and breaks contact between latter 
and ground. When the Morse key is depressed, the plunger is 
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Big. 81-5.— Break key relay, type SE 3538, 


drawn upward, Lever “UL” breaks contact with receiver spring 
“M’* and makes contact with transmitter through spring ‘f M,”’ 
and the primary circuit of the transformer is closed by contacts 
“7m and “ih” Tt should be neticcd that each time lever “LL” en- 
gages with, or leaves receiver contact, the antenna is grounded for 
an instant through ground connection * 0,” 

(4) The coil of this key is operated through the contacts of 
Morse Key, and has a 50 candlepower lamp in series with it of 
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same voltage as the supply. The break key is mounted on the 
base plate of loading coil. 

81-172. (1) Copper strips 2 inches by one-sixteenth inch are used 
for connecting the send-receive switch, the break key, and 
the ground plate to the coupling board and receiving cabinet. 
They are also used as leads in the primary oscillating circuit be- 
tween condenser terminals and coupling board. These strips are 
run parallel, as close together as possible, to keep down their in- 
ductance, and are separated from each other by small porcelain 
insulators, type SE 1241, placed at intervals of approximately 10 
inches. The insulators are bound in place with binding wire. 

(2) In order to insure that a small amount of inductance is 
used in the receiving cabinet, it is necessary that the inductance 
of the copper strips on the transmitting side be slightly greater than 
the inductance of the strips, ete, on the receiving side, because 
incoming signals are received through the loading coil, and exact 
tuning of receiving instruments is of vital importance. This may 
he accomplished, if found necessary, either by making one of the 
copper strips in the transmitting side a few inches too long, and 
bending it into an arc, thereby increasing its inductance, or by 
separating the copper strips on the transmitting side between the 
poreclain insulators. 

81-1738. The blower. type SE 3611 (with 220-volt motor) and 
type SE 3545 (with 110-volt motor), has a capacity of 60 cubic 
feet per minute at a pressure of approximately 5 ounces (8 inches 
water). It is equipped with direct connected 4-horsepower 
Girect-current motor, and operates at a speed of 2,700 revolutions 
per minute. With each blower is supplied a hese coupling 5 
feet long; one end of the hose is attached to hlower exhaust, and 
the other to a brass fitting, which attaches to nozzle opening in 
bottom of spark gap. The blower is started by throwing it di- 
rectly across line by a two-pole single-throw switch. 

81-174. The Morse key, type SE 8546, differs from the ustul 
Morse key in that it is provided with back contact, is completely 
inclosed in a grounded brass case with operating knob extending 
through, and has a condenser of 0.1 mfd. capacity connected 
across the front contacts. In wiring this key, lead-covered leads 
should be brought through rear of key cover, and the lead sheaths 
grounded by clamping between grounding strips secured to in- 
side of case. Ten spare contacts and one spare insulating knob 
are supplied with each key. 

81-175. (1) The frequency meter, type CV 1252, is of standard 
Weston design used in the construction of the 500-cycle meters, 
It is calibrated to read over a range of 200 to 800 cycles. 

(2) The antenna ammeter, type CV 1280, is provided with 
external thermoclement, which is placed between coupling board 
and ground. Lead-covered leads 15 feet long are provided from 
thermoclement to meter. The meter is calibrated with these leads 
in circuit. Range 0-4 amperes. 

(8) The direct-current ammeter is 7 inches diameter, surface 
mounted and front connected, Tt has a range of 0-380 animeres, 

(4) The alternating-current voltmeter is 7 incbes diameter, sur- 
face mounted and front connected. It hus a range of 0-150 volts, 
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PART 4.——OPERATION. 


31-177. (1) Figure 31-5 represents key with coil energized, , 
plunger and send-receive switch portion of key in sending posi- 
tion. To adjust the key, tension must first be put on the spring 
eontact “P” by twisting the adjusting block “Q” so that spring 
bears hard against limit stop “S.” When satisfactory tension is 
obtained, the adjusting block “Q” must be clamped in position. 
The fixed phosphor-bronze contact “R” should then be adjusted 
in position so that, when the coil is energized and the plunger 
drawn in, the length of soft-iron armature visible outside the 
spool is about cne-sixteenth inch. If the armature is pushed 
entirely in until it touches the core, the end of the armature will 
be flush with the end of the spool, but as the minimum air gap 
should not be less than one-sixteenth inch, this-amount of arma- 
ture should extend outside the spool when coil is energized. 
The limit stop ‘S” is mounted eccentrically and may be ad- 
justed until the maximum break between “P” and “R” is about 
one-sixteenth inch, or whatever break is found desirable in prac- 
tice. The smaller the break, the quicker the key will close the 
alternating-current circuit after Morse key is depressed, but it 
must be large enough to insure a positive break. 

(2) The send-receive portion should then be adjusted, the limit- 
ing stop on the upper terminal biock “N” being fixed in such a 
position that, when plunger is in, the spring contact “M” is 
forced away from the limit stop by about three thirty-seconds of 
an inch. Care must he taken, however, that it is not possible 
for the moving contact arm “L” to come up against limit stop. 
The lower spring contact “ M’” and its limiting stop “O” should 
then be adjusted. The clearance between the two spring contacts 
should be about five-sixteenths inch, so that there will be no 
danger of sparking over from the transmitting to the receiving 
position. 

(3) When in the “receive” position, the lower spring contact 
M’ must be forced away from the grounded limit stop “O” by 
about one thirty-second of an inch. The object of “O” is to 
ground the antenna and receiver momentarily in order to dis- 
charge any charge which may remain on the antenna as it leaves 
the transmitting position. The limit stop “J” should be finally 
adjusted to prevent the central moving system falling farther 
than necessary. The total movement of this central moving 
system should be about three-sixteenths of an inch. 

(4) Particular care must he taken in adjusting the key to in- 
sure that the send-receive switch remains in the transmitting 
position until after the low voltage transmitting current has been 
broken, and vice versa, when Morse key is depressed. send-receive 
switch must be in transmitting position before contact between 
*“R” and “2” is closed. 

31-178. (1) The following procedure should he followed in tun- 
ing the auxiliary transmitter: 

(a) Disconnect the antenna. 
(8) Start motor generator set. 
(c) Adjust speed to give 250 cycles, 
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(d) Set spark gap to not over one-sixteenth of an inch, 

(e) Reduce alternating current voltage until it is Just suffi- 
cient to spark across the gap. 

(f) Pull the coupling plunger on the coupling board one- 
half way out, Leave it in this position throughout 
the operation of tuning. 

(2) There are two sets of tuning clips provided on the induc- 
tance rods. One set is springy while the other is stiff. The stit 
clips should be set close to the top of the primary inductance ro.is 
and clamped in this position. They are intended to be used when 
a second and longer wave length is assigned. 

(3) The set of spring clips should be set on the primary in- 
ductanee rods at the points which will give a primary circuit 
wave length of 150 meters. The procedure for this operation 
follows: 

(a) Press the key, 

(0) Set wavemeter so that it is coupled with the primary 
circuit. 

(c) Adjust position of spring clips until the primary cir- 
cuit is tuned exactly to 150 meters. 

Care must be taken to have the same amount of inductance in 
each side of the cireuit; that is, the spring clips should be at 
the same distance from the insulators at the bottom. 

(4) After the primary circuit has been accurateiy adjusted the 
antenna circuit should be tuned. The method in which the an- 
tenna circuit is tuned to resonance with the primary circuit when 
the maximum reading is cbtained on the antenna animeter niuust 
not be employed because of its inaecuracy for this type of trans- 
mitter. The wavemeter method should be used. The wavemeter 
should be coupled to the antenna lead somewhere above the radio 
room. With the wavemeter in this position vary the position of 
the tap on the antenna loading coil, type SE 3532, until the 
radiated wave is exactly 150 meters. 

(5) If more than one and one-half turns of the antenna load- 
ing inductance are required to obtain 150 meters more inductance 
should he added by forming a loop in the parallel copper strips 
leading from the coupling board to the antenna break relay, as 
shown in figure 31-6. 

(G6) Tt should be rememberea that the inductance in the an- 
tenna loading coil is also in series with the Model “G” receiver 
when receiving, If too many turns of inductance are used in 
the loading coll it will he impossible to use enough inductance in 
the primary cf the receiver to obtain best receiving conditions. 
Therefore, never use more than one and one-half turns in the 
antenna loading coil, but increase the inductance as explained 
above, . 

81-179. (1) After the transmitting set has been adjusted to the 
correct Wave length set the gap at three-eighths inch, Press the 
key and adjust alternating current voltage to about 140 volts, 
frequency 240 evcles. If a good clear note is not obtained, vary 
the alternating current voltage slightly above or below 140 volts. 
If this does not give a good clear note, with no breaks or spits, 
the reactance of the primary circuit must be adjusted. 
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(2) Adjustment of the primary circuit is accomplished by shift-  Reactance. 
ing the position of the terminal on the variable reactance coil 
which is located in the buse of the transformer. Choose the tap 
which gives a elear clean spark note as observed in a receiver. 

This condition can and should be obtained. 

81-180. The coupling between the primary and antenna circuits Coupling. 
is closest (tightest) when the plunger of the coupling board, type 
SE 8566, is pulled way out, 

31-181. To obtain increased power it is better to use tight 
coupling rather than a long spark. The gap sheuld not he opened 
up more than three-eighths jach. On the other hand, the spark is 
inclined to are if the gup is shortened to fess than one-eighth inch. 


Power. 


PART S.-—-FAULTS AND REMEDIES, 


31-185. (1) In general the fanits and remedies for this set are — General pre. 
the same as for the Navy standard 500-evcle quenched-spark trans- Cautions. 
mitter previously described. All parts of the transmitting set 
should he kept clean and bright. 

(2) The successfal operation of this type of transmitter depends 
practically entirely on the condition of the spark gap and the 
adjustments, The spark gan surfaces should be cleaned fre- 
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quentiy and either trued up or renewed when worn to such en 
extent that the sparking surfaces are net parallel. 

(3) The ean supnortine insmiaters showkl he wined clean 
duily. The porcelain insulator which serves as a tip for the 
Hower should be correctly piaced so that the three lines of air 
meet on the center line of the gap. This is very important in 
order that proper quenching of the spark will occur. 

331-186. (1) Tf interference is experienced when receiving in fauses of in- 
the insin radio room while transmitting with the auxiliary spark — 
transmitter it is generally an indication that (@) the set ix not 
operating properly or (6) there is sparking in the rigging, ete. 

(2) The first part of the interference can be removed by proper | Possible reme- 
adjustment of the transmitting set itself. The second part of the dies for interfer: 
interference, due to sparking in the rigging, ete., will, of course, 
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remain and must be dealt with locally, as conditions will vary 
in different vessels, A very probable cause of interference and 
one that would be difficult to eradicate is the spark that may 
cecur at points where there is a bad or partial electrical con- 
tact between the different parts of stanchions, stays, guys, and 
running rigging, etc. Discontinuities in the lead casing of electric 
cables and places where thimbles and eyes are served with hemp 
or partially insulated from the wire rope or shackles will possibly 
cause trouble. This can be remedied by making good electrical 
contact across thei. A very minute spark may cause serious 
trouble, especially if the wave length of the circuit in which it 
occurs should happen to be the same as that of the auxiliary 
ivansmitter. Sparking in the rigging under these conditions has 
an effect similar to that produced by other types of spark trans- 
mitters and is very difficult to remove, 
Use of rejece (3) The interference in the main radio room by the auxiliary 

tor. set should be extremely small and the ordinary adjustments of 
the rejector will eliminate it. 

(Sparkingin (4) Interference in the auxiliary from the main radio trans- 

rigging. mitter is much harder to remove, All sparking in the rigging 
must be absolutely stopped before anything further is done, Ail 
stays must have their ends efficiently grounded, 


7 i t. 8 tas 
ave titare ace (5) It is important that the auxiliary antenna should be at 


tenna. the greatest angle possible relative to the main antenna and 
down leads. In addition it should not be run parallel to any 
stays. 


(C) Moror Buzzer TRANSMITTERS. 


PART 1—GENERAL, 


Purpose. 81-200. The motor buzzer transmitter is of simple construction, 
low powered, and is used for all short-range communication pur- 
poses. Its normal range in daylight should be from 50 to 100 
miles when it has been correctly adjusted. 
thee guall- 31-201. The motor buzzer transmitter makes a very desirable 
addition to the transmitting equipment of a battleship, because 
its radiation ts even less than that obtainable with the 2 kilowatt 
quenched-spark transinitter. Further, because it is operated with 
looser coupling between the closed oscillatory and antenna circuits, 
it dees not interfere with nearby receiving stations to the same 
extent as would a quenched-spark transmitter using the same 
power input. 

Types, 81-202. The motor buzzer, as first developed, was not a coni- 
plete transmitter in itself; it was built for use in conjunction 
with part of the standard quenched-spark transmitter of 2, 5, or 
10 kilowatt capacity in order that spark transmission could he 
carried on with powers lower than the lewest obtainable with only 
one gap of the inain transmitter. It can not be used satisfactorily 
with a transmitter smaller than 2 kilowatts, for the reason thit 
the transmitting condensers of sets smaller than that size have 
too sinall a capacity fer the proper operation of the buzzer. ‘The 
model BC motor buzzer transmitter is of the tvpe just mentioned, 
and is supplied for use on either 120-volt or 240-volt suppiy. 
The model BD inctor buzzer differs from the model BC in that it 
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is a complete transmitter by itself. This set is for use on vessels 
which are not fitted with quenched-spark transmitters, such as 
the are-equipped vessels, 


PART 2—THEORY, 


31-203. A simplified diagram of the essential parts of the motor 
buzzer transmitter is given in figure 31-7, It will be seen from 
the figure that the usual alternator is not used in this type of set, 
but an interrupter instead. The entire circuit from the DC supply 
to the wave changer is rather novel in its operation. The theory 
of the transmitter is as follows: 

31-204. The direct current from the ship’s supply (80, 125, or 
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Fig. 31-7.— Simplified diagram of motor buzzer transmitter. 


inductances I, the power regulating rheostat R and the key K. 
The buzzer wheel W is rotated by a small motor at a constant 
speed, and is made of brass with ten insulating segments set into 
its periphery, The brush B bears alternately on metal and in- 
sulation as the wheel revolves. The brush Bi is used to make 
the connection from the brass wheel to the circuit. It will be 
seen that the purpose of the buzzer wheel is to interrupt the direct 
current. 

31-205. (1) Assume that the key IX is closed, and that the wheel 
W revolves until the brush B makes contact With the metal of the 
wheel. This completes the direct-current circuit as stated above. 
The direct current starts to flow in the circuit KIBWBAUR; but, 
on account of the larze inductance ef the two coils i, it takes an 
appreciable length of time for the direct current to reach its 
liaximum value, A strong electromagnetic field is set up about 
each of the inductances I. Energy is stored in these fields. 

(2) Assume further that the wheel again rotates sufficiently to 
bring the brush B on an insulating segment. ‘’he direct-current 
circuit is then broken. and a high voltage exists at the brushes 
Bb. This voltage is generated by the collapse of the electro- 
magnetic lines of force on the turns of the coils, and is much 
higher than the supply voltage, because the lines of force collapse 
much more rapidly than they build up. The effect is the same as 
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the inductive “ kick when a motor or generator field switch is 
suddenly opened. 
eared supply = (3) ‘The circuit through the wheel W is broken by the insulat- 
ing segment, and this suddenly generated high voltage causes a 
current to flow in the circuit CLO, and the capacity C is charged. 
In this manner the energy which was first stored in the fields 
around the induetances is now stored in the capacity C, which is 
the condenser of the closed oscillatory circuit of the transmitter. 
(4) As the buzzer wheel W revolves, the brush B gradually 
approaches the metal segment of the wheel; but just before it 
touches the metal, the voltage of the condenser C causes a spark 
to jump the gap between the wheel and the brush B. When this 
spark passes, oscillations are set up in the circuit BCLOB. Tlie 
frequency of these oscillations corresponds to the wave length to 
which this circuit has been tuned. 
Transfer of . . 
power, (5) The power is transferred from the closed circuit to the 
antenna circuit by means of induction, through the inductive 
coupler of the wave changer. The operation just described is 
repeated as the wheel revolves. 
(6) It should be noted that the buzzer wheel performs two 
functions, that is, it interrupts the direct current and forms the 
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Fig. 31-8.—Buzzer wheel with brush in various positions, 


spark gap. No spark occurs when the brush leaves the metal to 
pass on to the insulation, but does occur when the next metal seg- 
ment approaches the brush. The spark, therefore, takes place on 
the under side of the brush B, between it and the approaching 
metal segment. Figure 31-8 shows the brush B in three suc- 
cessive positions with respect to the buzzer wheel. Position 1 
shows the brush making contact with the metal, which is the 
position at which the supplied circuit is closed. Position 2 (no 
spark) shows the brush resting on the insulating segment, dur- 
ing which time the condenser C is being charged. Position 5 
shows the brush clese enough to the approaching metal segment 
for the spark to pass, 
Badlation. 81-206. The rheostat “R” is used to vary the radiation of the 
motor buzzer. When all resistance is in the circuit, the radiation 
ix extremely low, of the order of several milliamperes. With 
all resistance out, the radiation should be approximately 2 
auiperes. 
Spark free 81-207. The speed of the buzzer wheel may be varied by a field 
quency. rheostat supplied with the set, through a range of from 2,000 to 
3.600 revolutions per minute corresponding to a variation in 
spark frequency ef from 883 ro 560 sparks per second. ‘The spark 
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frequency of standard Navy spark transmitters is 1,000 per 
second. It will be noted, therefore, that the note of the buzzer 
transmitter is inherently low compared with that of a quenched- 
spark set. When the set is properly adjusted, the note is clear 
and very distinctive. 

31-208. The inductances I are also adjustable. The best ad- 
justment for various wave lengths, powers, and wheel speed must 
be found by trial. The value of inductance used is most largely 
a function of buzzer-wheel speed and power. 


Inductances, 


PART 3.—DESCRIPTION,. 


31-209. Figure 81-8 is a schematic diagram of the model BC 
motor buzzer circuit. A brief description of the various parts of 
the circuit follows: 

31-210, (1) The buzzer assembly consists of the buzzer motor, Buzzer sccome 
interrupter wheel, brush rigging and motor buzzer relay, all>ly- 
mounted on a single base. 

(2) The motor is one-fourth horsepower shunt wound, equipped  guzzer motor. 
with thrust bearings, so that all end play is eliminated. While 
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Fic, 31-8, 


this motor only requires approximately 50 watts for operation 
under the load imposed by the brushes, a one-fourth horsepower 
motor is used to secure the reliability and ruggedness not usually 
inherent in motors of lower rating. Ample spares are supped 
which should maintain the set in satisfactory condition indefi- 
nitely. 
(3) The buzzer wheel, type SE 1515 A, hag iaica inserts firmly Bozzer wheel. 
secured in the rim, this material having been selected on account 
of its wearing qualities, and for its insulating properties. 
(4) fhe brush holders are designed to insure that the brushes Brush holeers. 
make contact with wheel at angles which have proven most satis- 
factery, The brush pressure is adjustable through a range which 
Insures most efficient operation. 
(5) The motor buzzer relay, type SE 3633, mounted on mieten Neer buzzer 
buzzer base, is a component unit of the break system. This relay — 
O is indicated in the schematic diagram of the motor buzzer and 
is provided to open the oscillating circuit of the motor buzzer 
transmitter between dots and dashes, both to eliminate the possi- 
bility of the motor buzzer mctor noises being communicated to 
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the receiver, and to prevent loss of received power in the oscil- 
lating circuit of the motor buzzer transmitter. It is equipped 
with ground clamps for 4,000 circular mil lead covered cable, and 
includes a type SE 3651 coil. This relay should not be included 
in the circuit of the motor buzzer transmitter until a complete 
break-in system is installed, at which time additional instructions 
will be issued covering its operation. Until the break-in system 
is Installed, the solenoid of the motor buzzer relay should be left 
out of the circuit, and a Jumper placed across the relay contacts, 
permanently closing the break, 
sae tenee 31-211. The impedance unit, type SE 3559B, consists of two sep- 
arate coils, one in each side of the direct-current supply to the 
buzzer wheel, wound on a common open laminated core. Taps 
are brought out from each coil to a dial switch on top, a separate 
switch being provided for each coil. The total inductance of each 
side of the impcdance unit is approximately 3 henries, 

81-212. (1) The power changing resistance, type SE 3639, is 
of the enameled type, built for bulkhead mounting, and is enclosed 
in a substantial perforated case. The resistance steps provided 
are as follows: 
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1, 860 
(2) The supply voltage will be impressed across the resistunces 
intermittently and they are so constructed that full supply voltage 
must not be impressed across any step and common terminal con- 
tinuously. It has been necessary to make this restriction to hold 
the dimensions of the power-change resistance within allowable 
limits. 

See 81-218. The antenna ammeter panel, type SE 1698, includes 
a type CV 2179 O-2 ampere antenna ammeter, and a transfer 
switch for cutting this meter in and out of the antenna circuit. 
An auxiliary blade is supplied which opens the solenoid coil of 
the clapper switch in the 500-cycle circuit of the main transmitter, 
When the transfer switch is in what is normally the “open” 
position, the O-2 ampere ammeter is cut into the antenna cir- 
cuit in series with the antenna ammeter of the main set. <At 
the same time, the second blade of the switch opens the clapper 
switch solenoid circuit, making it impossible to transmit on the 
main set when the O-2 ampere ammeter is in circuit. 

pete as speed 31-214, The motor speed regulator, type SE 1489, consists of a 
rheostat connected in series with the motor field, and is capable 
of varying the motor speed through a range of 2,000 to 3,000 
revolutions per minute on a voltage supply of either 80 or 120 
volts. A stud is located in the face of the switch, which should 
be so assembled that, when the set is used on 120-volt supply. 
the movement of the switch is restricted, preventing the opera- 
tion of the motor at speeds above 3,000 revolutions per minute, 
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On a supply voltage of 80, the stud should be so assembled that the 
switch has full range, including all contacts. This is the only 
change in the operation of the set from 80 to 120 volts. 

31-215. The cover provided for the buzzer and brush rigging 
in model BC transmitters is intended to eliminate the noise inci- 
dent to the buzzer spark. In addition to the cover, special sof't- 
rubber feet and bushings are supplied to be used in mounting the 
buzzer on the operating table. These mountings are so con- 
structed that the only mechanical contact between the buzzer base 
and the table is through them. By this method of mounting, any 
vibration In the motor hase due to the high speed of the buzzer 
motor is not communicated to the operating table, 


PART 4.—OPERATION. 


31-217, (1) When the motor buzzer set is installed, the spark 
Set should be tuned in conjunction with the motor buzzer so that 
transmitting may be transferred from spark set to buzzer set 
without further tuning being necessary, 

(2) This balance may be established by adjusting the connec- 
tions to the quenched fap on main get so that the total inductance 
of the primary oscillating circuit of the main set is equal to the 
inductance of the oscillating circuit of the inotor buzzer set, which 
consists of the buzzer wheel, buzzer brushes, motor buzzer relay, 
motor buzzer leads, condensers of main set, including leads and 
primary of the inductive coupler of main set. This may be read- 
ily accomplished as follows: 

(a) Before tuning the quenched-spark transmitter, open the 
antenna circuit and connect leads from the front cf the wave 
changer panel to any point on the primary coil of the inductive 
coupier, Qperate the spark set at low power, and measure the 
wave length of the primary oscillating cireuit by a wavemeter. 

(6) Shut down the quenched-spark motor generator, plug in 
motor buzzer leads to terminals of quenched gap on wave changer 
panel, start motor buzzer, adjusting impedance and power until 
2 good note is obtained. Measure the wave length of primary 
oscillating circuit by a wavemeter, leaving the connection on the 
primary coil of the inductive coupler intact. It will prohably he 
found that the wave length with motor buzzer is approximately 
19 meters leuger than with quenvhed gap, due to the greater 
inductance of the motor buzzer connections. 

(3) Due to the fact that the motor buzzer spark is not quenched 
as rapidly as the spark of the main est, it ai 
wave than the quenched-spark set. This is due to the inherent 
characteristics of the buzzer set, and can be corrected only by 
using the loosest possible coupling when sending on the motor 
Inuizzer i.e, move the secondary coil of the inductive coupler as 
far frou the primary coil as the construction permits, This 
will resnit in a somewhat lower rediation than would he obtained 
by tight coupling, but the decrement will be lower—i. e., the radi- 
ated wave will be sharper. and will therefore cause less interfer- 
ence on other waves. Loosening the coupling, when transmitting 
on the motor huzzer set will not require readjustment of antenna 
or primary circuit tuning. 

83156°—22 3 


ft weil) padiate a Nheaaclop 
dt wil radiate a broader 


1 
2 
L 


81-63 


Mounting, 


Balancing, 


Tuning prt. 
mary of quench: 
ed-spark trams. 
mitter, 


Putting motor 
buzzer into elr- 
euit, 


Relation of 
coupling and dee- 
rement, 


31-64 


Ware lengths. 


To transfer to 
motor buzzer set. 


Endication of 


radiation, 


CHAPTER 31, 


21-918, The motor buzzer transmitter is intended for use on the 
same wave lengths as the quenched-spark set with which it is 
installed, and should be used whenever its output is sufficient to 
cover the required range, in order to eliminate the unnecessary 
interference caused by radiating more power than is required. 

31-219. To transfer from quenched-spark set to ymotor buzzer 
set, the following operations should be performed in the sequence , 
given: 

(1) Stop motor-generator of spark set. 

(2) Insert plugs of motor buzzer leads in quenched-gap termi- 
nals on front of wave changer panel. 

(3) Throw “key transfer switch” to “buzzer ” position. 

(4) Throw switch on radiation ammeter panel to “luzzer” 
position. 

(5) Have at least three gap units of main spark set gap in cir- 
tit to insure spark occurring at peripheral brush of buzzer rather 
than in gap of main set. 

(6) Loosen coupling of inductive coupler (wave-changer) of 
main sect as far as possible in order to decrease the decrement of 
the buzzer set. If it is fougd that sufficient power can not be 
obtained by cutting cut power changing resistance, coupling mey 
be tightened slightly. The buzzer should never be used, however, 
with less than 4 inches separation between primary and secondary 
coils of the inductive coupler. 

(7) Cut out all resistance in buzzer motor field rheostat, and 
elose buzzer main Hine switch. The closing of this switch will 
start motor by placing it directly acress the line. 

(8) Transmit by Morse key. 

91~220, When the antenna ammeter transfer switch is thrown 
to “buzzer” position, the radiation of the motor buzzer is indi- 


cated on the 0-2 ampere antenna ammeter. The maximum 
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radiation obtaimable by this ect is approximately 2 amperes, 

31-221. The motor buzzer spark should be crisp and clear cut, 
eceuring under the brush, i. e., between the peripheral brush an:l 
the leading tip of the metal segments. At low powers, the spark 
is quite small, and makes no noise. At full power heavy sparking 
occurs, ‘Chis is not to be considered as undesirable because the 
more powerful the spark the greater the range obtained. The 
peripheral brush will wear away comparatively fast at full 
power, and will require renewal of the sparking end, either by 
cutting off and trimming the old brush or replacing by @ new one. 

Always use as much resistance in the circuit as possible, con- 
sistent with the range required. This will not only reduce inter- 
ference, which is the chief object of the motor buzzer transmitter, 
lut will also aid in keeping the brushes and wheel in good 
condition, 

PART 5,—FAULTS AND REMEDIES. 


81-293. The wheel should be kept bright and clean by the use 
of metal polish only. Abrasives, such as sand paper or emcry 
cloth must not be used, since they will cause a deposit of metallic 
particles in the insulating segments and reduce their effectiveness, 

31-224. Under certain conditions, it will be found that the spark 
becomes long, taking place between the peripheral brush and the 


RADIO PLANTS, 


trailing tips of metal segments. Under such conditions, practi- 
cally no radiation will be ebtained. This is caused either by 
using too high power, by the oscillatory cireuit being open, or by 
in improper adjustment of impedance. If, while transmitting 
it is noticed that radiation falls appreciably, it is very probably 
due to the above reason, The impedance and power should be 
readjusted. 

31-225. The leading tips of the metal segrment will, in time, 
become pitted. If this becomes bad enough to interfere with 
satisfactory operation, a light cut should be taken off the periph- 
ery of the wheel. This cut should be carefully made, in order 
that the wheel will remain perfectly true. The wheel may be 
dressed in this manner as eften as necessary until the depth of 
the insulating segment reaches approximately + inch, when wheel 
should be replaced, 

31-226. A poor note may he due to: 

(1) Wheel not running true, which will cause brushes to 
chatter and give rise to a broken note. 

(2) Sparking over at the wheel, as described above. 

(83) Dirty or pitted wheel. 

(4) Loose brush holders. 

31-227. Failure to get a spark at buzzer wheel may be due to 
the following: 

(1) Less than three gap units of main set in cireuit, in which 
case spark is possibly passing there. 

(2) Secondary circuit of main set transformer has not heen 
opened. 

31-228. Motor buzzer leads, tvpe SE 3648. are designed so that 
their inductance is as small as possible. in order that the motor 
buzzer may be connected to the escillatory circuit of the main 
spark set without varying the constants of this circuit sufficientiy 
te require retuning. 


SEcTIoN ITI.—Anrc TRANSMITTERS. 


PART 1.--GENERATL, 


51-250. The are transmitter is used in the service for most 
medium and all high power continuous wave transmission. It 
is used on shipboard as well as at shore stations, Practically 
all the transmission effected hy means of the are is of the CW 
telegraph type. The 2-kilowatt and 5-kilowatt arcs are additionally 
equipped with the chopper fer ICW transmission. The use of 
the chopper, however, materially decreases the range of the arc 
transmitter. 

31-251. The are transmitter supplies current to the antenna 
continuously (except when the chopper is used), The decre- 
ment of the transmitted wave is zero except when high-speed 
signaling is done. For this reason CW = signals will tune in 
very sharply on the receiver: in fact, when CW = signals tune in 
broadly, the trouble lies in the receiving system. The antenna 
circuit of the receiver may have a high decrement and this, coupled 
with the action of the secondary circuit of the receiver used 
for autodyne reception (beat method) causes most of the inter- 
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ference phenomena. The secondary circuit of the receiver is 
purposely detuned from resonance from the incoming signal and 
the antenna circuit of the receiver in order to obtain enough 
beats per second to render the signal audible. This detuning is 
most marked at the longer wave lengths, and the remedies for 
this condition have been incorporated in the model RB receiving 
equipment. 

81-252. As soon as signaling is done with CW = transmission, 
and especially at very high speeds, the continuous wave is given 
an effective decrement which is closely related to the speed at 
which the signaling is done. This is caused by the fact that the 
oscillations in the antenna gradually build up to their maxi- 
mum amplitude when the key is pressed and decrease gradually 
when the key is opened. Hence, as the signaling speed is in- 
creased, the time consumed during the building up and dying down 
of oscillations becomes an appreciable part of the total time os- 
cillations are present in the antenna, Signaling accomplished by 
hand does not have sufficient speed to give the continuous wave 
transmission an appreciable decrement. 

-253. The are transmitter is a simple means of obtaining 
continuous waves and is used in the service because of its sim- 
plicity, ease of operation and great flexibility. Tt can be used on 
practically any antenua, does not require high speed, compli- 
eated generators and controls, such as the high-frequency alter- 
nator, and can transmit on practically any wave length. 


PART 2,--THEORY. 


81-254. The are converter, as its name implies, is a device 
which converts direct-current power into alternating-current 
power. The input to the arc is direct current while the output is 
alternating current. The frequency of the output current gener- 
ated by the arc depends upen the electrical constants of the circuit 
in which it is included; in the usual case it depends upon the 
inductance and capacity of the antenna. 

81-255, An are is capable of self-zenerating oscillations because 
of the way in which the resistance of the are depends upon the 
earrent flowing through it. In an arc, the current is carried by 
the vaporized material of the electrodes, The heavier the current 
through the arc, the hotter it hecoemes, the more vapor is supplied 
to conduct the current. and hence the resistance of the are is 
lowered. In fact. the resistance decreases at a faster rate than 
the current increases so that the voltage drop across the are, which 
is given by the product of the are current and the resistance, is 
less a for large currents than it is for small. 

81-256. The customary circuit used for generating oscillations 
is that shown figure 31-9. The direct-current generator supplies 
the current to the are through the field coils. These coils serve 
three purposes. They supply the magnetic field and, by virtue of 
their high inductance, act as choke coils so as to keep the direct 
current constunt, and alse prevent radio-frequency currents from 
flowing through the generator circuit. The are is struck by short- 
circuiting the electrodes and then the are is drawn out until it 
becomes active and oscillations begin. 
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81-257. The operation of the are is directly dependent upon the are peration of 
negative resistance characteristic stated above. When the are is 
functioning the flew of current from the antenna on discharge 
adds to the current from the generator, thereby reducing the re- 
sistance and facilitating the discharge. With reversed fluw of 
the oscillating current through the are into the antenna, the are 
resistance increases, due to the smaller total current through it. 
This causes the direct current generator current to be diverted in 
part inte the antenna, thus supplying the energy to the antenna 
system required to keep it oscillating, Generator current ix sup- 
plied te the antenna during the whole charging period. Once the 
initial oscillation is started, following oscillations increase in 
amplitude until limited to a steady value by losses. Approxi- 
mately SO per cent of the gerncrater energy is delivered to the 
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antenna. The remaining 50 per cent supplied by the generator 
during the discharge half of the evele is Iargely dissipated in the 
are and carried off by the cooling system, 

31-258. When the arc is functioning properly, the amplitude of etete 
the oscillating current will be equal to the value of the direct rent. 
current supplied to the arc. so that the total are current drops to 
zero When these two currents are flowing in appesite directions 
through the are. When flowing in the same direction through 
the are, the total current will be twice that of the direct current 
supply. The antennn amineter reads the effective value of the 
oscillating current, which is 0.707 times the maximum amplitude. 

If, therefore, the amplitude of the antenna current is equal to the 
direct current are current. the reading of the antenna ammeter 
will he O.707 tirses that ef the direct current ammeter. 

81-259. (1) Signaling for arc transmission ix accomplished by, clgnaling Bys- 
two general methods: . 

(a) Compensation, 
(b) Uniwave. 
(2) Method (@) uses two wave lengths just far enough apart  ©ompensation 


. . . . method. 
to permit reception of one without sericus interference from the 


of 
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other, The sending key controls a certain definite amount of in- 

ductance in the antenna circuit either by direct shorting of 

one or more turns of the loading inductor or by shorting loops 

which are inductively coupled to the loading coil. In both cases 

power is radiated continuously, one wave being emitted when the 

sending key is open and the other wave when the key is closed. 

Uniwave meta- (3) Method (6) transmits only one wave, the are output being 
od. diverted into an absorbing circuit when the transmitting key is 
open. Figure 51-10 shows the elementary circuit of the type 
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SE 1822 uniwave key for 30 kilowatt arcs. The key K operates 
to divert the are output into either the antenna circuit, as shown, 
or into the absorbing circuit. R and Ri are moderately high 
resistances connected across the contacts to eliminate sparking 
on the break, 

31-260. A simple are circuit is shown in figure 31-11 with the 
condenser C! replacing the antenna. By the addition of Li, figure 
81-12, in parallel with L across C, the total condenser current is 
divided between L and I.. But, as previously stated, the oscillat- 
ing current through the are bears a fixed relation to the direet cur- 
rent meusured by A; Tt is evident thar oniy the are oscillating 
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eurrent will pass through L. But the energy to maintain the 
oscillating current in the circuit LiL can only be supplied from 
the are. This can not be by increase of current. Therefore, the 
voltage must be increased. It is in effect as though the are were 
working into a circuit of higher resistance. 


0.c. 
SUPPLY 


Fic. 81-11.—Are current-transforming circuit. 


81-261. This circuit. with the condenser C replaced by an an- 
tenna is known as the current transforming circuit. It finds 
application where the antenna is of low resistance, when, instead 
of having to work at a low voltage on account of the limited cur- 
rent which can be passed through the are coils, it is possible to 
handle a reasonable current at a greater voltage and at the same 
time utilize the full capacity of the antenna. The division of 
current between L and L; is in inverse ratio to their values. but 
the practical limit is a 1 to 1 ratio and frequently less under the 
operating conditions met in arc installations. 
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Fic, 31-12.—-Simplified current-transforming circuit. 
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31-262. Figure 31-13 shows the actual cireuit which it is found Practical cir. 


. a . eu 
necessary to install. C, and C2 are large series condensers to pre- 


vent sbort circuiting the generator through L and Li. Csr and 
Cur, are connected around Ci and C:, respectively, to prevent long 
wave oscillations being set up in the circuit C.LL:C:, The cur- 
rent transforming system will be applied to 2 kilowatt and 5 
kilowatt are transmitters for use on shipboard. 

31-263. The following are transmitters are now in use in the 
service. 


31-70 


General. 


CHAPTER 31, 


Type N | Powerin | Yeoh Use | Method of signaling 

ype No. Kdlowatts.! re vol se, | 3 ethod of signaling. 

Model K I 21 350 , Naval vessels. Chopper, back shunt. 
Model Q wet 2 500 | Merchant ve Do. 

Model X.. 2.2.0.2... i 2 500 | Naval vessel Chopper, ignition key. 

! 5 500 ! ol... Lo. 

Model CT 1201......., 20 500 sees Compensation wave.! 
20 500 | Do. 
Model CT 1038....... 20 500 |. Do. 
Model CT 1042....... 30 500 '.....do.- Do. 
10K 500 ’ Shore stations Do. 
200 500 ee... Do. 
| 509 500 i.e... Do. 


i The uniwave key is to be installed with 20 kilowatt and 30 Kilowatt arc irans- 


mitters. 


Nore.—The motor of the motor generator set is wound to corre- 
spond with the local power supply. 


PART 


S.c DESCRIPTION, 


31-264. (1) Following is a descriptian of the are transmitter, 
the Wekiewatt are transmitter (Contract Ne. 16 of 1015) being 


chosen us a type set. 


Fie, $1-15.—- Actual current-transforming circuit for arcs, 


b. Are converter, 
e Wave changer and inductance system, 


d. Auxiliary apparatus, 


The fundamental parts consist of the fullowing: 
a, Power equipment, 
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31-265. (1) The power equipment consists of the motor gen- a ae equip- 
erator with its controls, and series starting resistances for the 
are converter, 
(2) Power is supplied to the are by a direct-connected motor ower SUP: 
gencrator set, consisting of a 81-horsepower direct-current motor © 
(fer shipboard use) and a 20-kilowatt 600-volt direct-current 
cenerator, 
(83) Disconnecting switches for the direct-current generator Switches. 
ermature and field are mounted on a small panel. 
(4) Motor starting panels are provided for both hand and auto- ing panels, ee 
matic starting of the motor. The automatic control is operated 
by push-button switches on the operator's table or on the con- 
tactor panel itself. A transfer switch con the contactor panel is 
used for selecting local or remote control. A separate panel 
earries a transfer switch to change from hand to automatic con- 
trol, or vice versa, 
(5) The control switchboard is mounted in the operating room  Contrel switch: 
and carries all the necessary apparatus (with tbe exception of beard 
the push-button switches) for remote control of the motor, gen- 
erator, and are converter. The push buttons for starting and step- 
ping the motor are mounted in e@ position convenient to the 
operator, usually on the table in front of the switchboard. 
(6) A 16-step drum controler for operating the are canverter Bram coxirel 
is meunted on the switchboard. It performs in the proper se- Jer, 
quence the operations of starting the cooling water punip, the 
hydroecarnon feed, and the carbon rotating motor, of closing the 
relay key control circuit, the are niin line contactors, the are ex- 
tinguishine contactor, and the generator field circuit, of releasing 
the are striking mechanisen, ef raising the direct-current voltage 
to 600 volts in small steps, and of cutting out the arc starting 
resistance. 
(7) The arc-adjusting mechanism is a part of the are drum — Are adjusting 
controller and is mechanically interlocked with the latter so tha mechaniem. 
the arc can be struck only at the proper generator voltage and 
with the are starting resistance in cireuit. 
(8) The hydrecarbon control consists of two sight feed cups wy drocarbon 
with the required amount of piping. The cups are mounted on Contrel. 
the switchboard, The amount of flow of the Uquid hydrocarbon 
is reculated by adjustable needle valves. Flow to the are is mac- 
netically started by the drum controller (step two). One cup is 
for aleohol and the other for keresene. 
31-266. (1) The are converter consists of one bedplate, two  4-. corvericr. 
series field coils, counterpoise, two pole pieces, chamber, anod:, 
cathode, anode and cathode fittings, water-cooling system, arc- 
striking mechanism, outlet pipe for exhaust gases, rotating moter, 
and gearlig necessary for rotating the cathode. 
(2) The series field coils are placed one below and one above” Sertes field 
the are chamber, the lower one resting on the bed plate and the colis. 
upper ene on the top of the chamber, These two colis are con- 
nected in series in the positive side of the are supply line, the 
cirenuit being completed through the anode, arc, cathode, back to 
the generator. 
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Coanterpoise. (3) The counterpoise is placed on top of the upper series field 
coil, 
Pola pieces. (4) One pole piece passes through each series field coil and 


projects into the are chamber. 

Are chamber, (5) The are chamber is a hollow bronze water-jacketed box 
equipped with two flanges at each end to which are attached the 
anode and cathode jackets. A hinged door is fitted to one side of 
the chamber and an exhaust pipe to the other side. The are 
is formed between the anode and cathode which lie between the 
vertical pole tips protruding through the upper and lower sides 
of the chamber. The arc is blown by the magnetic field hori- 
zontally outward toward the door, which is water-jacketed to 
take up the heat. 

Anode. (6) The anode is made of copper of rectangular cross-section 
and is hollow. It is fitted with a pipe through which water 
is delivered by the water-cooling system against the face of the 
anode, The water returns around the pipe and out through a 
separate hose connection. The anode tip is held in place on the 
anode fitting by a nut, 

Anode fitting. (7) The anode fitting consists of a water-jacketed cylinder 
which is bolted to the are chamher. It is insulated by an asbestos 
bushing at the outer end of the cylinder or anode jacket. The 
latter furnishes a relatively cool dead gas space around the anode 
between the bushing and the hot gases in the chamber. Tuabber 
gaskets are used to make gas-tight joints between the anode and 
bushing and between the bushing and the cylinder. The anode 
may be removed for inspection or replacement of the copper tip 
by loosening the hand wheel and swinging the yoke upward. 

Cathodo, (8) The cathode consists of a carbon electrode, a carbon holder, 
a water-cooled sheath which surrounds the holder and removes 
the heat transmitted to it by the carbon, and mechanism for 
slowly rotating the carbon and its holder in the sheath, and a 
device for adjusting the length of gap between the carbon and the 
anode tip. 

Carbon holder. (9) The carbon is held in the holder by a split taper collet. 
The length of the projecting carbon can be adjusted by loosening 
the Knurled knob. The carbon holder can be varied easily and 
quickly removed for the substitution of a new carbon electrode. 

Cathode (10) The cathode sheath furnishes the bearing surface on 

sheath which the carbon holder slides and rotates. The former motion 
is for striking the are and adjusting the arc length. The cathode 
is built for remote control at the switchboard. The carbon elec- 
trode rotating motor rotates the carbon holder, being connected 
to it by a worm gear. The rate of rotation is very slow. The 
motor is secured to the arc chamber. 

Mi (11) The water-cooling system consists of the storage tank 
(capacity of about 200 gallons), pipe connections, valves, motor 
driven pump, rubber hose connections to the water jackets of the 
are chamber, anode, and cathode. The passage of the water is 
froin the bottom of the storage tank through the centrifugal 
pump, circulation indicator. the anode, the anode jacket, the 
chamber door, the arc chamber, the cathode sheath, and back 
through the return pipe to the top of the tank. It will be noted 
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that the cooling water is supplied first to the anode tip, because 
it is necessary that the anode be kept as cold as possible for the 
proper operation of the arc and in order to prevent melting of 
the anode tip. Fresh water only is used in the water-cooling 
systern. The storage tank is equipped with a coil through which 
sea water is passed in order to cool the circulating water. This 
is especially necessary when the are is used continuously over 
long periods and in hot weather. 

(12) The outiet pipe for exhaust gases is equipped with a valve Outlet pipe. 
to prevent leakage of air into the chamber, but will allow any 
undue pressure within the chamber to leak off into the atmos- 
phere. 

31-267, (1) The inductance system consists of the antenna load- gcd nonetance ags- 
ing inductance and the adjusting inductance, both mounted as a 
unit on a common frame. All the coils are placed with their axes 
at right angles to one another in order to reduce the coupling be- 
tween them. 

(2) The antenna loading inductance, type CT 557, is a multiple ae 
dise coil wound with special litzendraht on a bakelite frame, A 
tap is brought cut from each layer or disc of the coil and con- 
nected to a terminal on the terminal plate in order to facilitate 
making the proper connections. here are thirteen discs in the 
antenna loading inductance, 

(3) The adjusting inductance, type CT 559, is a helical coil Adjusting In- 
wound with bare stranded copper cable. A rotating framework tance: 
inside the coil carries a trolley wheel which makes contact with 
the cable at any desired point. The adjustment is made by 
revolving a handwheel in front of the Wave changer. By means 
of this mechanism the exact point on the coil which is best for a 
given connection can be determined, After the location of this 
point has been determined a clamp is attached to the outside of 
the coil to provide a stationary connection. 

31~268. (1) The uniwave system, type SE 1822, will shortly be Uniwave sys- 
supplied as equipment for all 20 and 30 kilowat arcs, therefore, tm 
the old absorbing circuit and relay key system will not be de- 
scribed here. 

(2) The uniwave system consists of the following parts: 

(1) Transmitting key, including noninductive resistance 
units. 

(2) Absorbing circuit resistance. 

(3) Absorbing circuit inductance, 

(4) Absorbing circuit capacity, 

(5) Double contact relay. 

(6) Morse key, 

31-269. (1) The relay key consists of eight pairs of contacts, Transmitting 
one contact of each pair being stationary. Four pairs are used *¢y- 
for making and breaking the absorbing cireuit and four for the 
antenna circuit. Each pair of contacts is bridged by a non- 
inductive resistance, and the four contacts of each of the two 
groups of contacts, antenna an@ absorbing circuits, are connected 
in series. When either the antenna or absorbing circuit group of 
contacts is open four of the resistance units are in series with 
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the antenna or absorbing cirenits, respectively, increasing the 
resistance of that circuit by a like amount. 
Relay key. (2) The relay key is actuated by two solenoids, the energizing 
of which is controlled by a separate double contact relay, 
Adjustment (8) The adjustments of the transmitting key must be muain- 
fey, eamemitting tained at all times so that all contacts of each group make and 
break simultaneously. While this requirement is imperative, its 
fulfillment is comparatively simple, since the key has been de- 
signed to facilitate this adjustment. If this adjustment is 
not properly made. it will evidence itself by heavier sparking at 
the contact which is not in alignment, When working properly, 
the sparking at the contacts should be extremely minute. It has 
been found that the antenna contacts spark even less than those 
of the absorbing circuit, no sparking at all being visible the- 
greater part of the time. 
Antenna am The antenna ammeter is connected in the common lead from 
meter, the are to the antenna and back shunt circuits, so that the meter 
indicates the current in either circuit. 
oul ee ae 31-270. The absorbing circuit resistance consists of 24 cast-iron 
erids. It is provided with a switch for cutting sections in and out. 
The total resistance of the unit is 3.5 ohms. The primary func- 
tion of this unit is to ahsorb the energy of the are when the 
Morse kev is up. It is made variable, so that the amount of 
current taken by the antenna and absorbing circuits alternately 
may be equalized. 
Ahsorbing efr - . . tps . ee : : 
cuit inductance, 31-271. The absorbing circuit inductance is similar in form to 
the loading inductance units used in standard Navy 10-kilowatt 
spark transmitters. It is made variable so that the impedances 
and wave length of the absorbing circuit may be under control. 
Avsorbing elt The adjustments of this circuit are taken up later. 
cult capacity. 81-272, The absorbing circuit capacity for 30-kilewatt ares con- 
sists of a hank of eight standard 0.004 uf mica condensers, con- 
nected in two groups in series, each group containing four units 
in parallel. With this combination, the uniwave system has been 
operated for considerable periods without showing any evidence 
Rouble contact of temperature tise. ; ; 
relay. 31-273, The double contact reluy, which is of a common com- 
mercial type, is actuated from the contacts of a Morse key and 
is provided with a double-contact armature, each contact con- 
trolling one electromagnet of the transmitting key. 


PART 4,-—OPERATION, 


streaer a! ine 81-74. The operation of the are transmitter is relatively simple, 
and no trouble should he experienced in starting and maintaining 
oscillations nt the wave lengths for which this arc is designed to 
operate, especially if the antenna inswiafors aro clean, dry, and of 
good quality. The successive steps necessary to bring the are 
output up to its full rating are se arranged that they will occur 
in proper sequence. as the are drum controller is turned from 


step te step In a clockwise direction. 
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31-275. To start the set after a long period ef idleness: atte tone. wat 
(1) See that the water-cooling system is in proper condition od of idleness. 
with all necessary valves open. 
(2) Put the antenna transfer switch in the sending position. 
(3) Take necessary steps to protect the receiving set, 
(4) Adjust the are gap to about sz inch. The arc length is 
adjusted by turning the handle on the front of the controller. The 
direction in which it should be turned is shown on its face. 
(3) See that the following are closed: Motor cireuit breaker, 
Hicter inain Hine switch, all auxiliary circuit switches, generator 
field switch, and the emergency switch. 
(GO) Start the motor generator set by means of the push button 
switch, 
(7) Start the water circulatien pump by advancing the con- 
troller to step 1, and see that water circulates through the system. 
(8) Start the hydrocarbon feed, close the relay key controling 
circuit, and start the carbon drive motor by advaneing the con- 
troller to step 2. 
(9) Close the arc main Hne contactors by advancing the con- 
treler to step 3. 
(19) Close the generator field eircuit by advancing the con- 
trotler to step 4. This gives a generator open circuit voltage of 
about 800, - 
(17) Close the are extinguishing contacter by advancing the 
controler to step 5. 
(12) Advance the controller to step 6, and thereby release the 
are striking mechanism, Strike the are and adjust for the mani- 
lim steady reading of the radiation ammeter. The are is struck 
by pulling out the hard-rubber handle on the controller woatil the 
carben strikes the anode, and then releasing quickly. The are 
length is indicated on its face. The are should be preferably teo 
jong rather than too short. 
(13) Advance the controlier until the voltage at which it is 
desired to operate is indicated, As the voltage is raised the are 
length should be kept adjusted so as to give the maximum Steady 
reading of the radiation ammeter. 
31-276, TY it is desired to operate on low power the series erste et op: 
resistance should be left in circuit. The controller should, there- 
fere, not he advanced beyond position 9, as this resistance is short 
clreuited on position 10. 
31-277, Tf the are breaks or goes out, return the controller to ATe oes oul. 
step 6 and repeat operations 12 and 13 above. 
31-278, ‘ko stop the are for a short period, return the controller for ther ‘period, 
te step 2 and Jeave it in that position. his allows the hydro- 
carbon flow to continue and thus insures the presence of gas in 
the chamber when the are is started again. 


31-279. Fo start the are after a short period of idleness: Starting are 
: . . a after short idle. 
(1) Put the antenna transfer switch in sending position. ness, 


(2) Take necessary steps to protect the receiving set. 

(3) Adjust the are gap to about zz inch. 

(4) Repeat operations 9 to 13. inclusive, under the directions 
given for starting after a long period of rest, 
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31-280. To stop the are for a long period.— (1) Return the drum 
contreller to the “off” position. 

(2) Stop the motor-generator set by means of the push-button 
switch marked “ Stop.” 

(3) Put the antenna transfer switch on the receiving or ground- 
ing position. 

81-281. (1) To select any one of the five different available wave 
lengths, the wave changer hand wheel is simply turned so that 
the pointer indicates on the dial the “ Send” position for the wave 
length desired, 

(2) Care should be taken never to go beyond the end positions 
on the dial. 

31-282, In case any wave length is not exactly that shown on 
the dial, it should be adjusted tu the proper value by observing 
the following procedure: 

(1) Put the wave changer in the “ Adjust” position for the 
wave length in question, 

(2) With the are operating on the antenna circuit, turn the 
small hand wheel which operates the mechanism of the adjusting 
inductance until the wavemeter indicates the exact wave length 
desired. 

(3) Shut down the arc. 

(4) Go behind the wave changer and find the lead from the 
adjusting inductance to the blade on the wave changer which 
corresponds to the given wave length. 

(5) Remove the clamp on the end of this lead from the adjust- 
Ing inductance and put it back at the point on the helix where 
the trolley wheel of the adjusting inductance stopped. 

(G6) The wave changer may then be put in the “Send” position 
for the desired wave and the arc started. 

31-283. (1) The antenna may be connected to ground, to the 
receiving set, or to the are converter for sending by means of the 
remote control handle of the antenna transfer switch. 

(2) To select any one of the three connections, it is only 
necessary to turn this handle unt!l its pointer indicates the 
desired position on its dial, 

81-284. When it is desired to change an anode tip. the are 
should be shut down with the controler on the “off * position 
and the following directions observed: 

(1) Close the valves in the water circulation system on hoth 
sides of the arc. 

(2) Loosen the anode locking wheel and swing the yoke upward. 

(3) Draw out the anode and set it on end with the tip upward. 

(4) Remove the tip locking nut with the wrench provided and 
remove the anode tip. 

(5) See that the hearing surfaces of the anode, the lintel, and 
the new anode tip are clean, smooth, and entirely free from grit. 

(G) Spread a small amount of graphite over these bearing 
surfaces, put the tip in place, and replace the tip nut. This 
should be tightened enough to prevent leakage of water, but not 
enough to damage the lintel. 

(7) Replace the anede in the arc and tighten the locking wheel. 
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(8) See that the tip is lined up equidistant from the pole tips. 
If it is nearer one than the other, loosen the locking wheel, adjust 
the anode for position, and again tighten up the wheel. If the tip 
has not been properly replaced on the end of the anode, it will 
of course be necessary to remove the nut and see that it is put 
on squarely before it can be lined up correctly between the pole 
Ups. 

31-285. (1) The carbon electrode is held in the carbon holder 
by means of a split taper collet. This is tightened or loosened by 
«2 Knuried handle on the end of the cathode. 

(2) When the carbon is burned back so that it projects only 
e short distance from the end of the carbon holder, it should be 
readjusted so that it projects about 4 inches. This adjustinent 
mnay be made without removing the carbon holder from the sheath. 

(3) The following procedure should be observed in making the 
adjustment : 

(a) Unscrew the small knob at the extreme end of the cathode. 
This leaves an opening into which the carbon adjusting rod or 
guuge may be inserted. 

(6) Loosen the collet by turning its knurled handle to the left. 

(ec) Push the carbon forward to the desired position by means 
of the adjusting rod. This is a graduated rod with a handle on 
one end. By means of the graduations it can easily be seen how 
far the carbon has been moved. 

(d) Tighten the collet on the carbon. 

(€) Replace the plug at the end of the cathode. 

31-286. When the carbon has been burned down go far that 
it new one is required, the change should be made according to the 
ftcllowing directions: 

(1) Loosen the collet by turning its knurled handle to the left. 

(2) Remove the carbon holder from the sheath. This is done 
by pushing in on the carbon-holder handle, turning a quarter turn 
in either direction, and then pulling it straight out. 

(3) Pull out the old carbon and insert a new one so that it 
projects about 4 inches from the end of the collet. Tighten 
up the collet enough so that the carbon wilt remain in position 
while replacing the holder in the sheath. 

(4) Put the carbon holder back in the sheath by reversing the 
process described under (2), 

(5) Sec that the collet is sufficiently tight on the carbon. 

31-287. On long runs of the arc, cold salt water should be cir- 
culated through the copper coils of the cooling water tank to 
carry away the heat from the are cooling water. For ordinary 
runs, the heat storage capacity of the tank ig sufficient to render 
this unnecessary. 

31-288. The chamber should always be tight when the arc is 
running to prevent the entrance of air or the escape of gas. The 
presence of cither air or the least amount of water in the chamber 
causes tnsteadiness of the arc. Care should be taken, therefore, to 
see that there are no water leaks in the chamber due to loose 
connections. 

31-289. The bearing surfaces of the anode, anode tip, and lintel 
where these parts join should he kept clean and free from grit. 
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If grit is present on any of these surfaces, it may grind in enough 
to ruin them for making a water-tight joint. Tf a small quantity 
of graphite is spread evenly over the bearing surfaces before the 
anode tip is put in place, it will aid in obtaining a water-tight 
joint. 

Adjustment of = 31-290. The main line contactors are interlocked with the motor 
ee cee starting contactors and with the current limit relay so that they 

will not close if the motor generator is not up to speed, or if the 
current limit relay has been tripped and not reset. In case, there- 
fore, the main line contactors do not close on the proper controller 
position when the motor generator set is operating at full speed, 
the current limit relav probably needs to be reset. 

‘ye 21-291. The hydrocarbon supply to the arc may be selected at 
will from either the alechol or the kerosene cup by raising the 
small lever at the top of that cup to a vertical position. Flow is 
reculated by an adjusting screw at the top of the cup, which is 
locked by means of a wing nut. 

Fioidstrength. 87-992. The field strength is made variable by means of 
switches which cut in or out sections of the series field windings. 
This field strength should be maintained at the point where maxt- 
mum antenna current is ohtained for any given wave length. 
The field strength required for proper operation of the are varies 
inversely with the wave length—i. e., the longer the wave length 
the less the field strength that is required. 

31-293. (1) When the are is operating properly, the operator 
will notice that a certain peculiar and steady hissing sound is 
civen forth by the arc. This sound can be heard directly. The 
hydrocarbon feed cup will then be filled either constantly or at 
regular intervals with a bluish vapor, and the hydrocarbon feed 
will be steady. 

(2) The surest indication that the are is operating properly is 
when the radiation ammeter reads exactly seven-tenths that of the 
direct-current ammeter in the are supply line. 

(3) If the are is too long, a surging sound will be heard; if the 
are length is too short, a squealing sound will be given ferth. A 
little experience will aid the operator in determining instinctively 
whether or not the are is working properly. 

81-294. (1) The fact that the constants of the absorbing circuit 
Hino are not critical as regards current bilance or wave length makes it 
ing system. possible so to adjust this circuit initially that no rendjustment 

is required when the transmitted wave length is changed through 
wide limits. 

Wave length (2) The absorbing circuit should he initially adjusted to a wave 
serbing elt) wheth approximately one-half that of the wave length of the trans- 

mitter. This may be done when the system is installed by discon- 
necting the antenna entirely from the arc and adjusting the wave 
length of the absorbing circuit by the use of a wavemeter. 

Connections. (3) The circuit should then be connected up as per the ac- 

companyving diagrams, with the antenna vmmeter in the com- 
mon Jead from the are to the transmitting key. Adjust the two 
groups of contacts on the transmitting key so thut each group 
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of four make and break simultaneously. This can be done with 
sufficient precision by visual inspection. 

(4) Start the are on low power and test the operation of the 
key by transmitting. If any one of the pairs of contacts shows 
more sparking than the others, it is evidence that that contact is 
not in proper alignment, and should be readjusted. 

(5) The current in the absorbing circuit should then be ad- 
justed to be approximately equal to the antenna current. This 
may be readily accomplished by an adjustment of the absorbing 
circuit resistance, with further adjustment of the absorbing cir- 
cuit inductance if necessary. While it has been found that a 
balance between the two circuits is not essential for satisfactory 
operation, the balance should nevertheless be made, so that the 
load on the power equipment will be held practically constant. 


PART 5.—FAULTS AND REMEDIES, 


31-295. The faults that can occur in the arc transmitter equip- 
ment are in the main quite different from those of any other type 
of transmitter, Faults arising in the power equipment will be 
indicated by the direct-current instruments and their remedies 
are obvious. The faults peculiar to the are itself are generally 
due to air and water leaks in the chamber and chamber fittings, 
poor condition of the copper and carbon electrodes, etc. 

31-296. The usual faults and their remedies are given in the 
following table: 


Fault. Cause. Remedy. 


1, Rapid burning (1) Poorcireulation of water : (1) Inspect water cooling system 
away or melting due tofailure of pump to throughout. Make such repairs 
of the anode. close valve, collapsedrub- | as necessary to insure strong 

ber hose. water circulation. 

: (2) Reversed polarity of are ; (2) Reverse are supply circuit so 

| supply circuit, thus mak- that positive lineis connected to 

| 


i 
| 
i 
i 


ing the anode the cathode.! the anode (Copper). 
(3) Tipincorrectly lined up | (3) Line up the tip. 

causing are to burn to one 

side rather than along 


center line. ! 
2. Explosionsinare , (1) Airleaksinairchamber., (1) Cluse up all air leaks and in- 
chamber. ' ; _ Spect theseal tothe exhaust pipe. 
3. Poorradiation... (1) Fieldstrength not prop- : (1) Increase or decrease ‘field 
erly adjusted. | strength until radiation is im. 
i proved. 
H - a padigicnt hydrocarbon (2) Supply more feed. 
eed. 
| (3) Poor adjustment of arc | (3) Open out are until radiation 
length (too short}. ammeter shows maximum.1! 


4, Excessive power : (1) Poor insulation any- 


i (1) Poor insulators will usually be 
input. | Wherein oscillatory circuit. 


detected by local heating after a 
tun. Insulators should be kept 
cleanand dry. Vorv little trouble 
will be experienced with porce- 
lain insulators. 
(2) High resistance any- ! (2) Remove sharp bends wherever 
wherein oscillatory circuit; possible. Clean and tighten all 
connections. Look for excessive 
| heating in the loading coil. If 
1 i heating is excessive, determine 
: cause and if injuries to coil ara 
| due to are across banks, injured 
| section should he ent out of cir- 
| cult (rare). 


| 
i 


! As the arcis opened out, the radiation will increase and then decrease. fet the are 
length at the point to give maximuim radiation, 


NOTE.—<As stated under theory, the are can be adjusted so that the radiation will 
have @ value of seven-tenths of the direct-current supply. This will continue to be 
the case as long as the arc can oscillate, If the arc isfeeding a circuit having high resist- 
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ance due to poor insulation, leaks to ground and any cther defects which will increase 
the resistance, the voltage of the direct circilit supply must be increased (perhaps 
doubled), in order to give the same radiation as obtained before the circuit hadbecome 


defective. In a shore station inst 


allation, any improvement made in the insulation 


and any reduction in the resistance of the circuit, will reduce the required voltage. In 
other words, less power input will be required in this case to give the same rafiation as 
that obtained before the improvements were made. 


General pre- 
eautions, ete. 


PART 6.—CARE AND UPKEEP. 


31-297. The amount of care and upkeep required by the are 


transmitter is slight. Careful attention, however, should be paid 


to the 
1) 


following points: 
Keep the power equipment in first-class condition by 


observing the usual rules for the care and upkeep of machinery, 
such as oiling moving parts when required, keeping the com- 
mutators clean, and the brushes at the right tension, 


(2) 


Sandpaper only should be used on the commutators and 


brushes, and very sparingly. It is better to allow the commuta- 
tors to acquire a deep chocolate color and glossy surface than to 
keep them copper bright by the use of sandpaper. 


(3) 


All switches and contactors should be frequently gone over 


with a piece of cloth previously dipped in light oil. This prevents 
corrosion, guuiming, sticking, and rapid wear of the sliding con- 


tacts. 

(4) 

(5) 

‘ (6) 
(7) 

(8) 

(9) 


Keep the are chamber free from air and water leaks. 

Do not use excessive amount of alcohol or kerosene. 

See that anode and cathode lie midway between pole tips. 
Use only straight carbons with flat burning surfaces, 

Keep anode insulator gaskets clean. 

Do not allow carbon or soot to accumulate in the are 


chamber. 


(10) 
(11) 
closed. 


Do not fill alechol cup while set is in operation. 
Do not attempt to work around set while switches are 
In case of trouble or work aloft, open all switches and 


do not close them until word has been received from proper 
authority that work or trouble aloft has been remedied. This is 
especially important because the antenna has a potential of 500 
volts direct current to ground whether are is burning or not after 
are supply switch is closed. 


(12) 


Do not open chamber door immediately after shutting 


down the set as an explosion is likely te occur. 


(13) 
(14) 
(15) 
(16) 
(17) 


Keep afl tools clear of the arc converter. 

Renew water in cocling tank from time to time. 
Make a ground test on rubher hose frequently. 

Keep all teols and oity substances off insulator blocks 
Do not use emery on the carbon sleeve of water jacket 


but wipe the sleeve with Kerosene to remove soot, and afterwards 
oil with light off. 


(18) 
open. 
(19) 


Do not bring naked flame near chamber while door is 


Use extreme care when opening the chamber and do not 


stand in front of chamber door when opening it. 


(26) 


Keep inflammable material away from chamber exhaust. 
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SEcTION TV.—Vacuum TUBE ‘TRANSMITTERS, 
tA) THE VAccttM TUBE USED as A TRANSMITTER 
PART 1.--GENERAL, 


51-325, Vacuum tube transmitters are essentially continuous eneral. 
wave apparatus, being similar to the are transmitter in this 
respect. The vacuum tube transmitter is superior to the are 
in purity of emitted wave form, in the ease with which it can be 
keyed, in its adaptability to modulation by speech for radio tele- 
phony or to modulation by other means for the production of in- 
terrupted (modulated) continuous waves, and in its successful 
operation at comparatively short wave lengths. 

31-326. (1) Vacuum tube transmitters are very flexible. A Types of trans- 
single tube equipment may be designed for three types of trans- malssron: 
mission: 

(1) Continuous wave, 
(2) Telephone. 
(3) Interrupted continuous wave. 

(2) The first type of transmission is used for telegraphy, and is 
received in the same manner as reception of signals from an are 
(autodyne or heterodyne reception). This is the most efficient 
of the three types. 

(3) The second type of transmission (telephone) consists of 
continuous waves of radio frequency modulated by the voice 
(audio frequency), Straight detection is used when receiving 
telephone transmission. In other words, when used for telephony, 
the vacuum tube transmitter can be received in the same nianner 
as any of the spark transmitters. The reliable telephone range of 
any given tube transmitter cquipment is approximately one 
quarter of that obtained with the same equipment on continuous 
wave transmission, 

(4) The third type of transmission, ICW, is effected by modu- 
lating the continuous waves at an audio frequency. This is done 
in one instance by using 500-cycle alternating current for the 
plate supply of the tubes. Another scheme of interrupting the 
continuous waves is to open and close the grid leak circuit 
periodically. The device now in general use for ICW (teleg- 
raphy), however, is the substitution of an ordinary buzzer in 
ace of the microphone transmitter. In this case the radio 
frequency is modulated at a constant audio frequency dependent 
on the frequency of the vibrations of the buzzer diaphragm in- 
stead of the varying audio frequency due to voice modulation. 
Kither straight detection, or the autodyne or heterodyne method 
of reception can be used for receiving any ICW signals. The 
note received by straight detection will be distinctive of the type 
of modulation used in the transmitter, but when the autodyne 
or heterodyne method is used the received note will be mushy 
except in the cuse of the transmitter using the 500-cycle sinu- 
soidal incdulation, when the note will consist of chords, the pre- 
Guilinete nate having a fregrency of 1,000, 
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PART 2.--THEORY. 


31-827. (1) The action of a vacuum tube when generating oscil- 
{uhe as an og- lations is similar to the action of a clock. The pendulum of a 
clock swings back and forth and works the escapement. During 
each oscillation the escapement permits an inmrpulse to be delivered 
to the pendulum in the direction in which the pendulum is 
swinging, tending to increase the amplitude of the swing. When 
the amplitude of oscillation of the pendulum increases to a certain 
value, the loss of power due to friction during each oscillation be- 
comes equal to the power delivered to the pendulum by the im- 


Fic, 31-14.— Diagram of Meissner cirenit. 


pulse, so that the oscilla- 
tion no longer increases in 
amplitude but is main- 
tained at a constant value. 

(2) In the case of the 
three - electrode vacuum 
tube, the current in the 
oscillatory cireuit is annui- 
ogous to the swinging of 
the pendulum, the grid ef 
the tube takes the place 
of the esecapement of the 
clock and the plate battery 
replaces the main sprinz. 
The current in the osec‘}- 
latory circuit acts upon the 
sxrid of the tube, changires 
its potential. The changes 
in potential of the grid pro- 
duce changes in the plate 
current supplied by the 
plate battery, and these 
changes in plate battery 
current act upon the oscil- 


latory cireuit in the proper direction to tend to increase the current 
in that circuit. When the tube is put in operation, any feeble 
oscillation will build up in amplitude until a final amplitude is 
reached where the power supplied by the tube is equal to the 


loss of power in heat and radiation. 


continue at this amplitude. 


The oscillations will then 


31-828. (1) A typical cricuit for generating oscillations with 


vacuunl tubes is the Meissner circuit. 


This is one of the earliest 


circuits, but is being employed to a considerable extent in mod- 
ern transmitting tube apparatus, The cirenit is shown in Figure 
81-14, the filament and plate batteries being omitted for simplic- 
ity. The oscillatory circuit consists of the coils Lz: and Li and the 
eondenser C. In transmission, the condenser ( would be replaced 
by the antenna. The coil L; is included in the plate cireuit of the 
tube and is coupled to the coil Ls, while the coil Le is included in 
the grid circuit of the tube and is coupled to Li. 
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(2) Let it be assumed that feeble oscillations occur in 
the oscillatory circuit. These oscillations will induce an alter- 
nating voltage in coil Lz which wiil act upon the grid, producing 
variations in the plate current flowing through Ii, and these will 
produce an alternating voltage in the coil L, which, with the 
proper sign of coupling, will reinforce the original oscillations, 
euusing them to increase in amplitude. The increased oscillations 
will induce a still greater voJtage in the coil Le and correspondingly 
greater variations in the current through L,, leading to a further 
increase in the oscillatory current. This building-up process con- 
iinues until the tube can not supply enough power to the oscilla- 
tary circuit to increase further the amplitude of the oscillations, 
and a constant alternating current will flow in the eireuit hav- 
ing a frequeney very nearly that of the natural period of the 
escillatory circuit. Ordinarily the final state is reached in a 
yery small fraction of a second after the tube is put into opera- 
tion, 

31-829. The alternating voltage on the grid of the tube pro- 
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duces the variations in the plate current when the tube is oscil- ing tube elrcuits, 


tating. The varying plate current can be considered to consist of 
two components, one a continuous current and the other a super- 
smposed alternating current. It is the alternating component 
of the plate current which supplies the voltage to the oscillatory 
cult and sustains the oscillations. The voltage which works 
the grid is derived from the osciltatory circuit. The plate cur- 
revit inereases when the grid is positive, therefore, the required 
coupling between the circuits is evidentiy the following. When 
the alternating component of the plate current reaches its maxi- 
num value In the pesitive direction which makes the total plate 
ent high, the current produced in the oscillatory circuit must 
be acting through the erid coupling so as to bring the grid voltage 
te its maximum positive value, ‘hus the alternating plate cur- 
rent and the grid voltage must be in phase. If the connections 
should be incorrect in the circuit a reversal of the connections 
to any one coll will usually make them right. 

31-880. (1) In some cases, even when the circeit is such that 
the phase relations are correet, the tube will not generate oscilla- 
tiens. For example, a given tube will generate oscillations when 
whe capacity in the oscilatery cireuit is small but will not oscillate 
when the capacity is larger than a certain value. Also, increas- 
ing the resistance of the oscillatory cireuit tends to step the 
tube from generating oscillations, so that when the capacity is 
small the resistance can be higher and when the resistance is low a 
ater capacity can be used. When two tubes are put in parallel 
it is possible to get oscillations with more capacity or resistance 
taau when only cone tube is used. 

2) Tn some cases at short waves the tuhe will refuse to oscil- 
‘ete at a low capacity value even when the connections are correct, 
cy may even oscillate with a reversed connection trom = that 
lt gives escillations at higher eapacity values. This is caused 
by incorrect phase relations between the grid voltage and plate 
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current resulting from the capacities of the colis, leads, and 
hetween the electrodes of the tube. 

ste eae 31-331. As pointed out before, the plate circuit of the tube 

put. supplies the power to the oscillatory circuit. This latter circuit 
acts as the load and, in fact, is very nearly equivalent to a re- 
sistance load in the plate circnit of the tube. In order to obtain 
the maximum current in the oscillatory circuit it is necessary that 
the load be of the proper value to fit the tube. 

co coupled = 31-332. Coupled tuned circuits are rarely used with vacuum 
tubes. The Meissner circuit does not come under this heading, 
because only one circuit is tuned. The objection is loss of effi- 
ciency and erratic operation. With close coupling between tuned 
circuits it is possible for oscillations of two different frequencies 
to occur. The vaenum tube can jump from one of these fre- 
quencies to the other; in fact, it is possible to adjust the circuits 
so that the antenna current is high and a definite wave length 
secured, and then find that, on keying, the current in the antenna 
will jump to a low value and widely different frequency. 

ae ets ores 31-833. When an antenna is used with any of the direct coupled 

erators. circuits the antenna ground is of recessity connected to some 
point on the tube circuit. It is desirable to connect the batteries 
or generators which supply the tube to the same grounded point 
in the circuit. The reason for this is that the batteries and gen- 
erators have large capacities to zround, and unless the con- 
nections are made as indicated above these capacities to ground 
will be put in parallel with a part of the oscillatory circuit and 
will cause loss of power and possibly prevent oscillations. Ordi- 
narily, therefore, the batteries or generators and the antenna 
ground are connected adjacent to the filament. 

EE. ine 31-834. (1) The efficiency of a vacuum-tube generator is gen- 

erator, erally defined in terms of the input power supplied by the plate 
battery and the output radio-frequency power in the oscillatory 
circuit. The power required to heat the filament is usually 
neglected, though in small tubes it may be several times the output 
power. The power supplied by the plate battery is the product 
of the direct-current volts and direct-current amperes. The 
output power is the product of the square of the radio-frequency 
current times the resistance of the oscillatory cirenit. The ratio 


oufput power 
input power 


is the efficiency. For low-power tubes this may be 15 to 80 per 
cent; for medium-power tubes, 40 or 50 per cent. The maximum 
efficiency in high-power tubes is about T0 per cent. 

eee rat- (2) The Navy rates tubes in terms of the output power, For 
example. the CW 931 tube is rated as a S-watt tube. Tt should 
therefore supply 1 ampere into a 5-ohm antenna, for 5 ohms times 
(1 ampere)? equals 5 watts. The normal plate supply is about 
50 millinmperes at 350 volts, or 17.5 watts (0.05 350==17.5). 
The eiliciency is then = 0.29, or 20 per cent. Usually, efficiency 
is sacrificed to some extent in order to obtain the maximum out- 
put from: the tubes: at reduced outputs somewhat greater 


a 
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efficiencies are obtainable. The power in the plate circuit which 
is not used in generating oscillations is dissipated in heat in the 
plate of the tube. If the tube stops oscillating, then all of the 
plate circuit power is expended in heating the plate. In low- 
power tubes the plate of the tube can frequently be seen to heat 
up when oscillations stop. In high-power tubes this heating can 
be sufficient to destroy the tube in a short time, hence it is neces- 
sary to maintain oscillations or immediately shut off the tube. 
31-835. The output of a tube is limited primarily by the total 
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emission of electrons from the filament and the plate voltage,voltage. 


provided the design is such that the plates do not become over- 
heated and the vacuum is high. With a given plate voltage, how- 
ever, only a limited amount of emission from the filament can 
be used; the higher the plate voltage the more emission is useful. 
On the other hand, with a given emission the output of the tube 
can be increased without limit by increasing the plate voltage, 
provided the tube will stand it. Thus high plate voltages are 
necessary for high-power tubes. In tungsten filament tubes the 
filament emission is usually limited, for at usual operating tem- 
peratures it requires considerable filament power to supply the 
heat required to liberate the electrons. In the coated filament 
tubes the emission for the same filament power is very much 
greater—usually a number of times greater—than is normally 
utilized. 

When the filament emission is very great the output current 
varies practically in proportion to the plate voltage, while with 
insufficient emission the output current fs roughly proportional to 
the square root of the plate voltage. 

31-336. (1) It is this strong dependence of the radio-frequency, | 
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e radio fre- 


output current upon plate voltage which is utilized in the usudalquency in output 


circuits for radio telephony. In radio telephony it is required™ 
that the amplitude of the radio-frequency current in the antenna 
shall vary up and down in accordance with the variations of 
current in the microphone. Thus in figure 81-15, if (@) repre- 
sents the variations in the microphone current, the radio-fre- 
quency oscillations which are transmitted should vary in amipli- 
tude as shown in (5b), where the envelope of the oscillations, 
shown by the dotted lines, is the same form of curve as the curve 
in (a). These oscillations are radiated by the antenna, and 
when received by a detector tube the current through the phones 
will duplicate the original microphone current and, hence, the 
speech will be duplicated. In the modulator-oscillator combina- 
tion customarily used in telephone seis the microphone acts 
through a transformer upon the grid circuit of the modulator 
tube, as in figure 31-16, and varies its voltage in accordance with 
the speech vibrations. In the plate circuit of the modulator tube 
is a choke coil, La, of very high inductance for oscillations of 
speech frequencies. The variations in grid voltage tend to vary 
ihe plate current in lie usual way, but these variations in plate 
current must flow through the choke coil which opposes the varia- 
tions. On this account the voltage across the choke coil varies. 
With proper design these voltage variations can have an aimpli- 
tude approximately equal to the plate voltage, so that on one 
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swing of the grid voltage the total voltage acting in the plate 
circuit may be reduced nearly to zero and on the other swing 
may be nearly double that of plate voltage supply. 

(2) The oscillator tube is fed from the same plate supply, and 
its plate circuit also includes the choke coil, When the micro- 


Fic, 381-15.—Radio-frequency oscillations modulated at audio frequencies. 
phone is not being spoken into, the voltage on the plate of this 
tube is very neariy equal to that of the plate supply, since the 
direct current resistance of the choke coil is low. It will there- 
fore generate radio-frequency oscitlations having an amplitude 
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Pig, 34-16.—Connections of medulatur-oseillater combination, 


corresponding to this plate voltage. As sooa as the microphone 
is spoken into, however, the plate voltage varies up and down, 
because of the action of the modulator tube and the amplitude 
of the radio-frequency oxcillations varies accordingly. As stated 
before, this is the requirement for radiotelephony, 

(3) ¢In order that the best results may be obtained it is de- 
sirable that for speech of moderate Intensity the amplitude of 
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the radio-frequency oscillations shall have a maximum variation 
from zero to double the amplitude corresponding to no speech. 
This is called complete modulation} The fluctuation of the radia- 
tion ammeter during speech is hot a reliable indication as to 
whether good modulation is being attained or not. 

(4) It is a natural mistake to attempt to modulate the output 
of an oscillating tube by applying the microphone voltages to the 
grid of the oscillating tube itself. It will be found, however, that 
in general the amplitude of the oscillations generated by a tube 
does not depend strongly upon the average value of the grid 
voltage. It is obvious, therefore, that this is a poor method of 
modulation. 

31-837. The following vacuum-tube transmitters have been de- 
veloped for use in the service: 


Ten Power Wave lengths Type transmis- v. 
Name (watts). | (meters). i sion. Use. 
! 1 
| 
5j j 180 to 200........... ; CW... eee Intra-fleet. 
5 . 202,347, 365, 412, 492.. : Telephone (duplex) Fire control. 
150 | 405,424, 476, 507, 538.) CW, ICW, tele-| Battleships for air- 
: phone. craft spotting. 
1,500 507, 600, 800, 900, 975, |... WO... cee eee eee Aircraft base station. 
i 1,800, 2,750. 
300 ' 507, 600, 675, 800, 975,10... dove ceeeeee Submarines. 
with ‘flat top an-! 
! tenna, 675, 975, ; 
with loop. | 
TF... i 300 507, 600, 675, 975,..... do.. Scout cruisers, sub- 
1,080, 1,260, 1,480. marine tenders and 
- aircraft tenders. 
TG... | 3UU 507, 600, 675, S00, 975,:..... do......! ee Eagle boats. 
CW 936.4) 5 236-345.....-.-2.---- | ‘felephone........- Destroyers, sub- 
. chasers and Eagle 
i boats. 
SE 1345..! 5 405, 424 476, 507, 538.| CW, ICW, tele- ; Aircraft. 
phone. 
SE 1370.0: 50 507,660,800, 975......|.--.. dO. eevee eeeeees Do. 
SE 1390. -; 150 567, 600, 800, 97. -| CW, ICW. Aircraft (NC boats). 


31-338. The model TB (telephone) and the model TC (tele- 
phone-telegraph) will be selected as typical of the existing Navy 
vacuum tube sets, a brief general description of the Model TB set 
and a lnore detailed description of the Model TC set being given 
in the following articles. 


(B) THE Mope, TB Rapio TELEPHONE EQUIPMENT. 
PART 1.—GENERAL. 


31-339. The model TB radio telephone equipment is intended 
to provide telephone communication between units of the fleet and 
to perform this service in such a way that the calling and carrying 
on of a conversation is practically identical with ordinary com- 
mercial telephone practice. Simultaneous two-way conversations 
can be conducted without the necessity of operating any switch 
when changing from transinitting to receiving, or vice versa. Ex- 
tension lines and stations are provided at different points on board 
ship so tat it will not be necessary to carry on the conversation 
at the radio set. The transmitter and the receiver constitute the 
central station and are under the control of a radio operator, who 
also operates the apparatus necessary for routing the outgoing 
or incoming conversations cf any of the extension stations, 
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4 PART 2,—DESCRIPTION. 

tae Phos fea 31-840, Simultaneous two-way operation is obtained with the 
use of only one antenna for transniitting and receiving. In addi- 
tion, the circuit is so arranged that the talker can hear what 
he is saying and can interrupt the party with whom he is talking, 
or be interrupted by him in the same manner as in the ordinary 
teiephone, his necessitates a combination of transmitter and 
receiver on the same antenna, so arranged that the large current 
in the antenna caused by the talking will not interfere with the 
operation of the receiver which is designed to receive small 
currents. This calls for a complete shielding of the receiver from 
ihe transmitter 

Salelding ar- 31-341, (1 differential method is used for shielding pur- 

Taagement, poses. (The current from the transmitter is taken to a central 
point of the winding of an inductance coil, at which it divides 
equally, half flowing through one section of the coil into the 
antenna and the other half flowing through the other section of 
the coil into the balancer. By careful adjustment of the balancer 
the two currents can be made so closely alike in magnitude and 
in phase that the magnetic fields of the two halves of the coil are 
balanced, and, therefore, produce no effect on a third coil suitably 
placed in the neighborhood,) 

Coupling, (2) The secondary tuning coil of the receiver is located within 
this coil and is arranged so that the coupling between them can be 
varied. The secondary tuned circuit is thus, in virtue of the 
balancing just described, Sensitive to any incoming currents re 
ceived by the antenna as these pass through both halves of the 
branching coil in the same direction and thereby set up an ex- 
ternal magnetic field. 

Constants of 31-342. In order that the balance may be less susceptible to 

balancer ualt.  Gisturbance from frequency variations, the balancer unit is so 
designed that, after proper adjustment, it duplicates approxi- 
mately the antenna characteristics over a wide range of fre- 
quencies. This makes it unnecessary to readjust the balance 
whenever the transmitting wave length is changed. 

rane ¢ uit ar- 31-343. The schematic arrangement is shown in figures 31-17 

° ‘ aud 81-18, From figure 31-18 it will be seen that the circuit is 
virtually a Wheatstone bridge circuit with the transmitter and the 
receiver located in conjugate arms so that electromotive forces gen- 
erated in the transmitter arm do not produce any currents in the 
receiver circuit. In the sketches are shown two condensers, Cs 
and C:, one in series with the antenna and the other in series with 
the balancer. These condensers reduce the effective capacity of 
each circuit and at the same time render the balance of the system 
less sensitive to small changes in the electrical constants of the 
antenna, J 


PART 3.—VACUUM TUBES, 


Plats voltage. 314-844, (1) The CW 981 coated filament vacuum tubes used in 
the model TB set are made to operate on a plate voltage of ap- 
proximately 350 volts when used for transmitting purposes, 
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When used in a receiver circuit, they will operate satisfactorily on 
a plate voltage of 40 volts or over. 

(2) The normal filament current is 1.80 amperes, which ise) ament curs 
enough to insure a very copicus e:mission from the filament under 
all conditions of plate and grid voltage. 

81-345. (1) The filament current is the most important factor ne WACRS 
determining the life of the tube, a relatively small increase being 
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Fie, 31-17.—Diagram of TB telephone equipment circuit. 


enough to cut the life down to a small fraction. With a filament 
current of 1.80 amperes an average life of about 300 hours may be 
expected, for 1.25 amperes the average life would probably exceed 


RECEIVER 
L3 


Pig. $1-18.—Wheatstone bridge arrangement of TJ) telephone eqnih 
cireuit. 


1,000 hours, while for 1.35 amperes the tube would last probubly 
less than 160 hours, 
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Effect of fila’ (2) In most cases it will be found that the output of an oscilla- 
ment current on : % ae . 
output. tor is not much increased by raising the filament current above 
1.25 amperes and in many cases the full output will occur with 
even lower filament currents. Generally the filament current 
should not be increased above that necessary to give the full out- 
put and in no case should it be increased beyond 1.35 amperes. 

Plate carrent. 31-346. The plate current should not be allowed to exceed 30 
nilliamperes in any tube and for the most satisfactory working 
sheuld be from 35 to 40 milliamperes. 

Tube failures. 31-847, (1) Aside from purely mechanical causes such as 
breaking of the filament or of the lead-in wires some of the 
principal causes of failure are as follows: 

Presence of (2) As a result of abnormal heating of the tube, due usually 

Bas My Ce LED ES to an overload, it may happen that a small quantity of gas is 
driven out of the metal or glass into the bulb. The presence of 
this very minute quantity of gas causes the bulb to be tilled 
wholly or partly with a blue haze when the filament is lighted 
and the plate voltage applied. The plate current is increased and 
the plate may become red hot. If the voltages are not cut eff 
an are may form in a short time between the filament and the 
erid or plate resulting in the burning out of the tube. 

Bright spots (3) After a tube has been in use for a long time it may he 

oueilaments noticed that the filament is not uniformly bright but has one or 
more points that appear to be brighter than the remainder. 
While the presence of the bright spots does not affect the oper- 
ation of the tubes the presence of these bright spots indicate 
that the filament is approaching the end of its life and may 
shortly burn out. “ Bright spots” occur frequently in the coated 
type of filament but rarely in the tungsten filament. 

Reformation (4) If the tube has been subject to an abnormal stress there 

ere “way result 2 bending of the filament or grid great enough to 
result in their coming into electrical contact. Such a condition 
can ustiliy be detected by the eye. 

Electrolysis of (5) If power tubes, the lead-in wires of which are carried 

the glass. through 2 common stem and seal, are operated considerably above 
their rated plate voltage, electrolytic action in the glass of the 
seal will take place between the plate and grid. This electroly- 
sis In the course of time will run the seal, making it leak air 
and sometimes even crack it. An indication of this electrolysis. 
which appears long before leakage occurs, is a blackening of the 
grid leads in the glass of the seal near the vacuum end. 


PART 4.—FAULTS AND REMEDIES, 


31-848, Sufficient information is not at hand at the present 
time to give a full list of faults and their remedies peculiar to 
this equipment. However, the usual faults that may arise in 

vacuum tube apparstus are tikely to he encountered in this set. 
The receiving cquilment exclusive of the part that is eonimicn to 
the transmitter can be cared for in the same manner as for any 
of the other receivers, detectors and audio-frequency amplifiers 
now in service use. Tf the instruction pamphlet that comes with 
each equipment be carefully studied before it is attempted to 
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operate the equipment, it will be found that the faults that will 
develop in the use of the apparatus will be due to the apparatus 
itself, and not to inexperience on the part of the operator. 


(C) THE Moper TC Rapio EQUIPMENT, 


PART 1,.—-GENERAL, 


31-349. The model TC radio equipment includes all of the appa- Purpose, 
ratus necessary for transinitting and receiving with the exception 
of the antenna. The transmitter is provided for the three types 
of transmission, namely, CW, ICW (buzzer modulated) and 
telephone, and is relatively high powered. It is designed for 
battleship use to communicate with spotting planes and other 
vessels. The absolutely reliable range for spotting work, using 
CW trausmiss’on, is 50 miles; 10 to 15 miles for ICW, and 5 
miles for telephone transmission. These ranges will prebably 
be fucreased when more experience has been gained in the use 
of the apparatus. 


PART 2.—THEORY. 


31-350. Two requirements must be fulfilled in a radiotelephone Requirements, 
and continuous-wave telegraph transmitter: 

(1) There must be provided a source of radio-frequency cnergy. 

(2) There must be provided means of modulating or controlling 
the radio-frequeney energy in accordance with the methed of 
transmission employed. 

31-351. The source of the radio-frequency energy is the vacuum Tho osetilator. 
tube which acts as a converter, changing the high voltage direct 
current to a radio-frequency current. In this set three tubes (type 
CG 1144A or CW 1818) are employed in this capacity and are 
known as oscillator tubes. The oscillater consists of four funda- 
mental circuits: 

(1) Antenna. 
(2) Plate. 
(3) Grid. 
(4) Filament. 

81-852. Upon closing the switches an instantaneous surge occurs Maintenance of 
: F P z A S, 2 oscillating cor. 
in the plate circuit with the result that tne antenna is forced into dition, 
feeble oscillations whose period depends upon the inductance and 
eapacity of the antenna circuit. The grid circuit due to its 
inductive relation to the antenna withdraws some of this oscil- 
lating energy with the result that an oscillating potential is 
applied between the grid and the filament. This produces a 
change in the plate circuit which, if the circuits are properly 
arranged, adds to the effect of the original surge. This cycle of 
cperation is then repeated with the antenna current continually 
increasing until limited by the antenna and tube characteristics, 

Figure 31-19 is a simplified sketch of the TC transmitting set. 

31-853. In order to telegraph using continuous wayes, means jaar” A ieeatn 
are provided whereby the operation of the telegraph key starts transmission, 
and stops the generation of radio-frequency energy. This is 
accomplished by opening and (losing the short circuit around 
the keying condenser. When the keying condenser is short- 
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circuited, as when the key is in the operative position, oscilla- 
tions are permitted to take place. When the short circuit is 
removed, as when the key is in the inoperative position, the grids 
of the escillators are alluwed to become highly negative with the 
result that the oscillations are stopped. 

231-354, In order to carry on telephone communication it is 
necessary to provide apparatus capable of modulating or mold- 
ing the radio-frequency energy, that is, an euvelope is formed 
around the radio-frequency current, the shape of the envelope 
resembling that of the sound wave. 

31-355. Modulation is accomplished in this particular set by 
means of two vacuum tubes, which are termed modulater tubes 
when nsed for this function. In addition to the two modulator 
tubes a third tube is employed which functions as an amplifier. 
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Ie, 31-19.—Circuit diagram of Model TC transmitter. 


31-356. The plates of the modulator tubes are connected to the 
positive terminal of the high voltage or plate generator through 
an iron core reactor. The filaments of the modulator and 
oscillator tubes being in parallel, the plate circuit is completed 
through the space between the plate and filament, thence to the 
negative side of the generator. The grids of the modulater tubes 
are connected through the biasing battery to the filament and 
also to the plate circuit of the amplifier tube by means of a 
small condenser. The plate of the amplifier tube is connected 
to the plate generator through an iron core reactor, The grid 
of the amplifier tube connects through the secondary of the 
microphone transformer and biasing battery to the filament. 
The primary circuit of the microphone transformer, while it 
passes through other units, fundamentally consists of a micro- 
phone transmitter er a buzzer in series with a battery and the 
primary winding of the microphone transformer. 

31-857. When the current throveh the primary of the micro- 
phone transformer is varied, the secondary of the micrephone 
transformer, being connected beqveen the grid and filament 
of the amplifier tube, impresses ou the grid of this tube an 
alternating potential the variations of which are in accoerdanc 
with the sound waves spoken into the t sanitter. 
ation of amplifier grid potential results in a similar change in 
the amplifier plate circuit; in other words the output of the 
microphone transformer is ginplified to an extent determined 
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liy the circuit and tube characteristics. These amplified vari- 
ations are in turn impressed upon the modulator grids by means 
ef eapacitive coupling, The variations of modulator grid po- 
tential produce corresponding variations in the plate current and 
tube impedance, These variations in the modulator plate circuit 
result in a corresponding increase or decrease of the power ava'l- 
able for the plate circuit of the oscillator. This action is due to 
the fact that there is practically a constant current supply for 
the plate circuit of both the modulatory and oscillator tubes due 
to the iron core reactor in the positive side of the plate generator. 
31-3858. For buzzer modulation, the operation is practically thes transm!s- 
same as in telephony except that the microphone transmitter is 
replaced by a buzzer. When the signal switch is set on “Buz” 
the buzzer operates whenever the telegraph key is depressed. 
The oscillations are started and stopped as in continuous wave 
telegraphy. Side tone is provided on both the telephone and 
buzzer modulated method of communication. 


PART 3.—DESCRIPTION, 


31-359. (1) The transmitter, type CG 1322, uses six vacuum Transmitter. 
tubes, type CG 1144A or CW 1818, three of which are employed as 
oscillators, two as modulators, and one as a voice amplifier. The 
cutput of the transmitter is, therefore, that of the three oscillator 
tubes for CW transmission, and in excess of this for ICW and 
telephone transmission, 

(2) The coil system is composed of two units, the antenna coil 
being mounted with the plate and grid coils as one unit and the 
variometer and loading coil forming the other unit. 

(3) The transmitter is arranged to transmit on low, medium, fpowers grail: 
and high power. The Meissner circuit is used; consequently, theable. 
constants of the antenna circuit alone determine the wave length 
of the transmitter, All the controls for the transmitter ineclud- 
ing the wave change switch, signal switch, power switch, and 
antenna variometer, are manipulated by knobs on the front of the 
transmitter panel. A wave length indicator is provided for 
operation only on low power, and has an incandescent bulb which 
will Hght when the transmitted wave is in resonance with the 
wavemeter. The wavemeter is adjusted to five fixed wave lengths. 

The changing of the wavemeter setting is effected by means of the 
wave change switch. 

31-860. The receiver, type CG 1323, is a separate unit and con- The recetrer. 
fains the usnal tyne of receiving cireuits, Tt has i 
two stages of audio-frequency amplification and a switch for 
changing the telephones to detecter plus one stage of audio- 
frequency amplification, or to detector plus two stages ef audio- 
frequency amplification. The trpe CG 933 vacuum tube is used 
us the detector for both detection and amplification purposes. The 
receiver is shielded in the usual manner to prevent electrostatic 
counting between the antenna and secondary Circuits. 

21-861. The interphone unit, type CG 1324, has the following. The Interghone 
controts and indicators: 
ive Bway station keys, 


F 
One 8-way operator’s key, 
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Five telephone switchboard lamps. 
Two push buttons. 
One buzzer switch. 
The power 31-362. The power unit assembly, type CG 1828, consists of the 


unit. following units, which are connected together by flexible couplings: 
(1) One 1,000-volt direct-current generator excited from 
line supply. 
(2) One 24-volt direct-current generator excited from line 
supply. 
(3) One 125-volt or 240-volt direct-current motor. 
PART 4,—OPERATION, 
General. 81-863. The following instructions are complete for operation 


on one methed of communication and on one wave length. To 
transinit on any of the other wave lengths or by the other methods 
of communication it is only necessary to place in position the 
switches so designated and proceed in the same manner as out- 
lined below : 

on ieaetaieee (1) To. transiit— 

(a) Lamp used as voltage indicator should be lighted. This 
indicates that supply voltage is available. 

(b) Close Hine switch. 

(¢c) Close “Control transfer switch” to position No, 1. Con- 
nects “ Starting equipment No. 1” and “ Relays No. 1” in cireuit. 

(@) Close “ Machine transfer switch” to position No. 1 and 
push operator’s key to “ Radio.” Connects “ Machine unit No. 1” 
in circuit. 

(e) Push “Start motor” push button. Starts “ Machine unit 
No. 1” using “ Starting equipment No. 1.” 

(f) Throw “ Power switch” to desired power. Place “ Monitor 
key” on “Radio.” Place “Signal switch” on “Tel.” Operate 
“Push to transmit” button in interphone unit. 

Filaments light. 

“Relays No. 1” operate. 
Plate voltmeter indicates. 
Plate ammeter indicates. 
Filament voltmeter indicates. 

(g) Adjust “24-volt field rheostat” until filament voltage is 
not over 21 voits. 

(hk) Adjust “High-voltage field rheostat” until meter reads 
1,000 volts. 

(i) To tune transmitter to one of the designated wave lengths, 
first set power switch on “ Low” then press wave indicator push 
button and adjust antenna variometer until indicator lamp shows 
maximwmn brillianey, 

The plate and grid adjustments should be made with the power 
switch set on Low and signal switch on CW, The approximate 


. 
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plate and grid coil settings for the particular wave length should 
be obtained from the following tabulation: 


Plate 
tap. 


Wave 
length. 


Grid tap. 


px 
ao 

Bata 

SODAS 


iw 
| 
| 405 
| 


The antenna current should be noted under this condition. The 
plate coil taps should then be changed, one or two taps on either 
side of the normal settings and the grid coil tap and coupling ad- 
justed so that maximum antenna current, is obtained with mini- 
mum plate current. After the above adjustment has been made, 
turn power switch to High position and note plate current. Do 
not exceed a plate current of 0.45 ampere when operating on CW, 
When signal switch is in Buzzer position the plate current should 
not exceed 0.9 ampere when key is depressed. It may be found 
that some plate and grid taps will give slightly more output than 
others, with plate current in excess of 0.45 ampere. Such opera- 
tion is undesirable since the tubes are under more severe service, 
and the increased output is made at the sacrifice of efficiency. The 
antenna current should be noted in each case and the plate and 
grid tap used that gives maximum output. This process should 
be repeated for all wave lengths. That position of the grid coil 
should be used that gives the best average results on all wave 
lengths. Once the settings are obtained, it will be unnecessary to 
change them unless the antenna characteristics are changed con- 
siderably. The reason for this is that the wave change switch 
automatically changes the loading coil tap, the plate tap, and the 
grid tap. 

See that the machine unit is not operating before changing any 
tap or, in fact, touching any of the apparatus inside of the 
cabinet proper, 

(j) Transmitter is now ready for transmission on the particular 
wave length and method of communication and power designated, 

(2) To receive— 

(a) Turn “Filament rheostat” in direction of arrow. Adjust Steps neces- 
filament light to proper brillianey. sary to receive. 

(b) Set “Amplification control switch ” on “Max.” 

(c) Set “Amplification key” on “ Second stage.” 

(d) Tune in the signals desired. 

(e) To decrease amplitude of signals turn “Amplification 
switch ” away from “ Max.” or cut out stages of amplification by 
means of “Amplification key.’ 

(f) To shut down receiver, tur “ Filament rheostat” to 
“Off.” 

(g) for the reception of telephone communication, it will be 
found that clearest speech can be received with the tickler coil 
set to give maximum regeneration. While telephone conversation 
can be received with the receiver oscillating, it will be found, in 
general, that the regenerative position is better. 
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31-364. To establish radio communication from an extension 
station: 

(1) Lift up receiver at station No.1. This lights line lamp on 
interphone unit, thus notifying the operator that a station is 
ealling. 

(2) When a line lamp lights, the operator throws the key 
corresponding to the calling station into the interphone position 
and the operator's key to normal, This permits communication 
between the calling station and the operator. 

(3) After notifying the operator regarding the detaiis of the 
desired radio connection the receiver should be replaced on the 
hook. The operator will call the extension station when the 
radio connection is established. 

(4) Operator establishes radio connection as described on the 
preceding page. ° 

(5) Operator places key of calling station into the interphone 
position and his own key to normal and pushes the button desig- 
nated “ Ring.” 

(6) Operator throws station key into “ Radio” position, thus 
transferring control of the radio equipment to the extension sta- 
tion. Operator's “Push to transmit” button must not be de- 
pressed when an extension key is thrown to “Radio” as this 
would prevent control from the extension station, Operators 
key should be placed in ‘“ Monitor” position whenever an ex- 
tension station key is thrown to “ Radio.” 

(7) The party at the extension station depresses button in 
column of desk set when he talks and releases it when he re- 
ceives. 

(8) When the conversion is ended, the extension receiver is 
replaced on the hook and line lamp lights, jndicating to operator 
that party at extension station has finished. 

(9) Operator returns “Signal” switch on transmitter to 
“Off” position, station key to normal position, and operator’s 
key to ‘“ Radio.” 

(10) Operator is now in position to eontrol set. 


PART 5.—FAULTS AND REMEDIES, 


31-865. The following faults and their causes are given. The 
remedies are obvious: 
31-366. Failure to obtain oscillations may be due to: 
(1) Plate circuit open. 
(2) Improper adjustments. 
(3) Poor tubes. 
(4) Filament current low. 
(5) Open antenna circuit. 
(6) Grounded antenna. 
(7) Leaky insulators. 
(8) Antenna ammeter burned out. 
(9) Trouble in power unit. 
(10) Arms on wave-changing switch not making proper 
contact, 
31-367, Failure of modulating circuit to function may be caused 
by: 
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(1) Modulator plate circuit open. 

(2) Defective microphone transformer or microphone 
transmitter, 

(3) Poor biasing batteries, 

(4) Poor modulator or amplifier tubes, 

(5) Resistance or reactance open in modulation amplifier 
circuit, 

31-368. Causes of failure to receive are: 

(1) Improper tuning adjustments. 

(2) Filament current low. 

(3) Defective plate batteries, 

(4) Poor tubes. 

(5) Open or grounded antenna circuit. 

31-369. Most of the accidents to personnel and material will 
be avoided by a strict observance of the following “ don'ts” 
when operating the transmitter: 

(1) Don’t touch any apparatus inside cabinet when motor- 
generator is running. 

(2) Don’t operate set unless all external connections have been 
made. Be sure of polarities. Don’t fail to check polarity after 
replacing grid or C battery before using set. 

(3) Don’t allow plate voltage to exceed 1,000 volts. 

(4) Don’t allow plate current to exceed 0.450 ampere when 
testing on CW or 09 ampere when testing on buzzer, key 
locked. 

(5) Don't operate set with filament voltage less than 20 or more 
than 21 volts, 

(6) Don’t operate set unless antenna ammeter indicates, 

(7) Don’t make transnitter adjustments with power switch 
on “high”; set the switch on “ low.” 

(8) Don’t adjust plate and grid taps with the machine unit in 
operation, 

(9) Don’t forget that fuses are cheaper than vacuum tubes; 
therefore'do not use substitutes for the plate fuses furnished with 
the set. 

(10) Don’t change Position of “wave change” switch unless 
“signal” switch is in “off” position, 

(11) Don’t change position of “wave change” switch unless 
proper plate and grid adjustments have been made, 

(12) Don’t work inside of cabinet with metal tools unless 
machine unit is shut down and batteries are disconnected from 
set. . 

(13) Don’t leave keys in interphone unit in operating position 
when this unit is not in use. 

(14) Don’t adjust back coupling coil so that oscillations occur 
in receiver when telephoning. 

(15) Don’t leave apparatus when a radio conversation is taking 
place. Monitor on the connection so that you can take care of 
emergencies. 
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(D.) Transaitting VacUuM TUBES. 


PART 1.-—GENERAL. 


General. 31-870. The following table lists all the transmitting vacuum 
tubes now in use in the service. Opposite the type nuinber of each 
tube is given the maximum allowable filament and plate voltage 
and enrrent when the tube is used as an oscillator. It will 
generally be found, however, that less filament current than the 
yalue given in the table can be used for normal operation. 

Lite of vacu- 31-371. The life of a transmitting tube, provided the vacuum 

um tabe, remains good, is directly dependent upon the life of the filament. 
The emission of the type CW vacuum tubes (coated filament) is 
greatly in excess of the amount that can be utiliized at the maxi- 
mum plate voltage, as given in the table, consequently this type 
of tube should be operated as far below the maximum as possible 
and the life of the tube thereby lengthened, In the case of the 
type CG tubes (tungsten filament), the filament current has an 
extremely important bearing on the life of the tube. A very 
small increase of filament current over the maximum value will 
result in a very marked decrease in the life of the filament. On 
the other hand, the total emission from this type of filament is not 
greatly in excess of the amount utilized at the specified plate 
voltage. It is, therefore, well to operate these tubes at or below 
the value given in the table for the particular tube and never to 
exceed the maximum value. 


Watts out- | 
Type No. put (nomi- 


nalrating).| volts, | Amperes. 


\ | Filament. Plate. 
[- 
| Volts. 


SEcTION V.—AITRCRAFT RADIO EQUIPMENT. 
N PART 1.—GENERAL. 


Parpose. 81-400. Aircraft are equipped with radio apparatus for estab- 
lishing the following lines of communication: 
(1) Aircraft to aircraft. 
(2) Aircraft to ship. 
(3) Aircraft to shore. 

If the aircraft is equipped with only transmitting apparatus, 
the above communication by radio ig one-way. However, when 
the aircraft is equipped with receiving as well as transmitting 
apparatus, the communication is both ways. 

Special re- 81-401. All the classes of transmitters and receivers used for 
quirements. ship and shore work are applicable to aircraft duty, but for this 
duty the apparatus is specially constructed as regards weight 

and ruggedness, 
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31-402, The transmitting apparatus includes the following 
classes: 

(1) Spark~— 
(a) Synchronous. 
(8) Quenched, 
(c) Chaffee, 

(2) Vacuum tube— 
(@) Interrupted continueus wave, 
(bv) Telephone, 
(c) Continuous wave. 

31-403. The order of efficiency of transmission for the above 
classes of transmitters is spark, ICW, telephone, and CW, the 
spark being the least efficient. In point of difficulty of being 
received, the order is reversed, CW sienals being the most difii- 
cult to pick up. The highest powered transmitters at present in 
use are of the spark class, while the longest range transmitters 
are probably of the continuous-wave class. On the other hand, it 
is considered that more reliable communication is obtained with 
transmitters of the spark class. This is mainly due to the fact 
that spark signals are more easily picked up than to any inherent 
weakness of the vacuum-tube transmitters, Interference is least 
with continuous-wave transmission and greatest with spark. 
For this reason it is proposed to use continuous-wave trans- 
mitters for spotting planes where a large number of planes are 
required to operate simultaneously and within a narrow band of 
wave lengths. 

31-404. The power plant for aircraft radio transmitters is 
now being standardized to use the fan-driven set equipped with 
a self-regulating fan (constant speed and power). For some time 
to come, however, there will be a considerable number of spark 
transmitters operated by nonregulating fans, and of vacuum tube 
transmitters operated by storage batteries. 

31-405, The latest types of radio apparatus for aircraft will 
give as reliable communication as any ship or shore station radio 
apparatus of equal power. However, aircraft radio apparatus 
requires far more care and attention than ship radio apparatus 
for many obvious reasons, some of which are that the apparatus 
must be constructed with much less weight and, therefore, must 
be handled more carefully. For example, the w eight of a one- 
half kilowatt transmitter for aircraft service is) approximately 
60 pounds, while one of the same ty pe and power for ship service 
weighs in the neighborhood of 400 pounds, both weights being 
exclusive of the antenna equipment. Also, aircraft radio appa- 
ratus (in direct contrast to ship radio apparatus) is exposed to 
the most severe weather conditions, operates under terrific vibra- 
tion, is constantly exposed to the most” ‘Severe shocks in landing, 
‘éfe., and is subjected to temperature changes varying from below 
zero to over 100° above zero. For these reasons the utmost care 
should be taken in the installation, handling and upkeep of the 
apparatus. Canvas covers are provided to protect the apparatus 
when not in actual use. It is estimated that 75 per cent of the 
failures of aircraft radio apparatus to function properly are due 
to the improper installation and upkeep of the equipment. When 
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this condition is eliminated, the aircraft equipment can be classed 
with ship and shore station equipinent in the matter of dependa- 
bility. 

31-406. Aircraft radio equipment is, in general, similar in 
theory, operation, care and upkeep to the equipment found in 
ship and shore station installations, therefore, the operation of 
apparatus typical of each class and pertinent only to aircraft 
installations will be given here. 


(A) RADIO TRANSMITTERS, \j 


PART 1. SYNCHRONOUS SPARK TYPE. 


314407. Type SE 1300 and SE 13810 aircraft transmitters 
are of the synchronous spark type. These transmitters are pro- 
vided with a toothed wheel keyed to the alternator armature 
shaft and so placed that one spark will occur between the tooth- 
ed wheel and fixed electrode at the instant that the alternating 
voltage in the generator reaches its maximum positive or nega- 
tive amplitude, thus causing one spark per alternation. 

381408. These sets should alicays be given a bench test before 
installation and after long periods of idleness in order to make 
sure of proper generation, insulation and setting of spark gap. 
The wave length must be adjusted and set before flight except in 
the later modifications of the sets, where three wave lengths are 
provided. In the modified types. any one of the three wave 
lengths provided can be selected by a remote control of the gen- 
erator unit wave changer from the operator’s position, The an- 
tenna circuit is tuned to resonance with the closed oscillating cir- 
cuit (set to the proper wave length before flight) by means of a 
variometer in the antenna circuit. The use of the variometer 
compensates for different lengths of antenna. The antenna cir- 
cuit is in resonance when maximum radiation is obtained. This 
tuning is usually done by varying the inductance in the vario- 
meter until resonance is obtained. 


PART 2.—QUENCHED-SPARK AND CHAEFFEE GAP TYPES. 


31-409. Transmitters using the quenched-spark gap and the 
Chaffee gap are similar in operation. The type S%! 1320 trans- 
mitter employs the Chaffee gap. 

31-410, The Chaffee gap transmitter is of the so-called impact 
type. Unlike other types of spark transmitters, the antenna cir- 
cuit can be tuned to the desired wave length without making any 
adjustment of the closed oscillatory circuit and not suffer from 
a great loss in efficiency. For this reason it is very flexible and 
will operate on antennas of widely different constants. It has 
only one wave length, but this wave can be changed somewhat 
by varying the length of the antenna, although best efficiency will 
be cbtained on the wave length for which the set is designed. 

31-411. The operation of this set is very simple. The antenna 
is let out to its proper length. The spark gaps are both closed, 
the transmitting key depressed and the gaps adjusted until maxi- 
mum radiation is obtained, The set is then ready for use. The 
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generator is wind-driven and very reliable, but the generator field 
must be separately excited momentarily by means of a small dry 
battery which is supplied for that purpose. The complete trans- 
mitter should always be subjected to a bench test before installa- 
tion and after periods of idleness, 
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31-412, Figure 31-20 show a simplifed diagram of a standard “ 
installation of the type SE 1310 transmitter on the F-5-I. The 
use of a separate dry cell for exciting the field of the generator is 
obviated by connecting the vacuum tube filament battery to the 
“Send-receive” switch, so that when the handle of the switch 
passes over to the “send” position it momentarily touches the 
“test” position, throwing the battery across the field of the genera- 
tor and in this way causing the generator tu pick up. Details of 
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this switch are not shown in the diagram. The switch has four po- 
sitions; these are “send,” “ off,” “test,” and “receive.” Great 
care must be taken in wiring up the switch and variometer to 
have the variometer between the switch and antenna, other- 
wise the switch will be at a high potential, which will result in 
dangerous arcing, especially when these transmitters are fitted 
with the wave-changer switch, giving 507, 600, and 800 meters. 
This wave-changer switch is mounted with its handle on the out- 
side of the generator streamlined body. The pest place to mount 
the generator on an F-5-Hh is on the center rear strut, where the 
operator can reach the switch from the after cockpit opening 
while the plane is in flight. Frequently the type SE 1414 receiver 
is installed with this transmitter instead of the standard type 
SE 1950 receiver with amplifier. In this case the vacuum tube 
filament battery should be connected to a D.P.D.T. switch for 
throwing it alternately to the receiver or to the proper connec- 
tions on the transmitter switch for exciting the generator field. 
This must be done because of a peculiarity in the single circuit 
type SE 1414 receiver. 


PART 8,—VACUUM-TUBE TYPE, 


31-418. Many types of tubes and tube transmitters are being 
used in naval aviation. They all operate on the same general 
principle, but some accomplish their functions more efficiently 
than others. The tube transmitter has the advantage of much 
lower decrement, thus causing less interference, Three methods 
of transmission are possible with a vacuum-tube transmitter. 
These are (1) ICW., (2) telephone, (3) cw. The telephone 
feature can be used to advantage in many cases, but is not as 
reliable or efficient as the other two methods. The buzzer modu- 
lated, or in later sets, the chopped continuous wave is more 
efficient and will carry through strays or interference better than 
the telephone. The continuous wave will give a greatly increased 
range, but unfortunately it is much harder for the receiving 
station to tune in; therefore, unless the receiving station is 
specially instructed to listen for that exact wave and to use 
the continuous-wave method of reception, the signals will not be 
heard. Y 

81-414, (1) The later types of tube transmitters operate from 
a wind-driven generator using the self-regulating propeller, which 
gives a very constant generator speed, thus maintaining a con- 
stant voltage which is so necessary to the proper operation of 
tubes. This generator provides the filament or “A” current and 
the plate or “B” current. The grid or “C” voltage is supplied 
from a dry battery. Care should be excrcised in handling the 
plate current as this is high voltage. As these sets usually have 
provision for three methods of transmission, the switch must be 
set to operate on the method desired. The sets are also designed 
to operate on several wave lengths. Te operate it is necessary 
to set the wave changer switch on the wave length desired 
and to throw the transmitter switch to “Transmit ’ position. 
Tubes should immediately light up. Take note of meters and ad- 
just each circuit to show preper reading as given in instruc- 
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tions, Some tube transmitters are provided with a lamp in the 
plate circuit to indicate whether the set is modulating properly 
or not. This lamp should show a cherry red glow when not 
sending or talking and, if set is functioning properly, it should 
light up considerably brighter when talking, or if using buzzer 
modulation, when the key circuit is closed. The best modu- 
lation is obtained when the greatest variation in brilliancy is 
noted on the modulation indicator lamp. When continuous wave 
transmission is being used, this lamp is not lighted. 

(2) All types of tube transmitters now in use employ special 
tubes as modulator tubes which are not used in the continuous 
wave transmission. Later types will probably be so designed as 
to use all the tubes for all methods of transmission. On battery 
powered tube transmitters care should be taken to adjust the fila- 
ment current very carefully, as upon this one adjustment depends 
in a@ great measure the proper operation and life of the tube. 
Obviously, an adjustinment made in the filament current at the 
start of a flight will not hold good during the entire flight, as the 
battery voltage decreases rapidly during operation. Therefore, to 
counteract this, the resistance in the filament rheostat must be 
reduced to make up for this drop in voltage. 

31415. When the radio equipment is installed on planes at the 
factory or at naval aircraft stations, the entire equipment should 
he carefully tested before the planes are shipped from the fac- 
tory or flown. This can be done by providing a separate port- 
able motor to drive the gencrator and a dummy antenna, consist- 
ing of a capacity, inductance, and resistance. The constants of 
the dummy antennu should be the same as those of the service 
antenna. By this means the transmitter can be tested before 
flight and tuned approximately to the desired wave length, thus 
obviating the possibility of failure of the transmitter during 
flight, due to faults in the connections and apparatus. 

31-416. It is especially important that every part of the installa- 
tion be carefully gone over before each flight, special care being 
taken to see that all connections are tight. covers removed from 
the apparatus, that the batteries have just come off charge and 
are in good condition, that the filaments of the vacuum tubes for 
the detector and amplifier light wp, that the interphone is work- 
ing satisfactorily, that no part of the apparatus equipped with 
the cradle suspension is touching the body of the plane, that the 
list of spares is complete, and, finally, that the emergency coim- 
munication equipment is complete in every detail and ready for 
instant use, 

31-417, (1) A few of the troubles which are most frequently 
experienced will be enumerated. It should be remembered that 
it is impossible to conduct much repair werk during flight, hence 
avery careful test to determine positive operation should he made 
just before flight. Examine switch contacts to rear of the 
panel tor loose contacts. Make a careful examination of the 
wiring to see if any circuits are open. Examine the tube base 
contacts and all outside connections to the battery, generator, 
antenna, ete. If trouble is being experienced and can not be 
immediately located, substitute new tubes and try again to oper- 
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ate. If trouble is not then apparent it is probably due to genera- 
tor faults, open grid leak, or a short-circuited condenser, neither 
of which can ordinarily be repaired in flight. 

(2) Operation of tube transmitters on short wave lengths by 


part of the receiving operator, but insures great freedom from 
interference and great range. It also requires special care on the 
part of the operator in the plane. It is very well known that a 
yery small alteration in the wave length when receiving con- 
tinuous waves below 1,000 meters will cause the beat note in the 
receiver to change its pitch to so great an extent that it may pass 
beyond the limits of audibility and thus the signal will be lost. 
The standard spotting plane set, type SE 1345, now being modified 
for continuous wave transmission, has the peculiarity that when 
the plane is making an abrupt turn, the configuration of the 
antenna with respect to the plane changes, thus altering its 
capacity and making a slight difference in the wave. This makes 
trouble for the receiving operator during reception. Therefore, 
the pilot should not transmit important information when making 
a quick turn. 

(8) All transmitters using wave lengths relatively short com- 
pared with the antenna length, which is especially true of spot- 
ting plane sets with 140 feet of antenna, show some directional 
effect, that is, the signal is stronger when the plane is fly- 
ing towards the receiving station than when the plane is flying 
away from it. This effect becomes less pronounced when the 
plane gets farther away. It is, therefore, not very serious. When 
the plane is flying directly over the receiving station, however, a 
great many curious directional effects are observed, the signal fad- 
ing out entirely during brief intervals in spite of the nearness of 
the transmitter. It is assumed that small, fast planes capable of 
making quick turns will only do this in case they are in actual 
combat, in which case they will usually find it necessary to cut 
away the antenna altogether in order to make quick evolutions. 
If such planes are on spotting duty they should fly over the course 
laid out fer them, the line of flight making a figure 8, with slow 
turns at each end, and if it is for any reason necessary to make a 
quick turn, spotting signals should not be sent until the plane is at 
least partially turned about. If the plane is not very distant, 
say within ten miles, it will be better to fly around the figure 8, 
so that all turns are made towards the ship receiving, so that 
taking the directional effect intoeconsideration the ship will al- 
ways receive the best possible signals, Fading on turns is more 
pronounced with continuous wave transmission than with any 
other type, although it is noticeable with spark and ICW trans- 
mission, 


(B) Recervinc EquiPMENT. 
PART 1,—GENERAL, 


31-418. Two general types of receivers are now used in air- 
craft radio, One is the complete-unit type, which contains in one 
box the receiver proper, the detector circuit. and a two-stage 
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audio-frequency amplifier. The second type consists of _two 
units, one of which is the receiver while the other is a six-stage 
radio-audio-frequency amplifier and detector. The general fea- 
tures of the receiver, detector, two-stage audio-frequency ampli- 
fier, and the radio-audio-frequency amplifier and detector have 
already been given. 

31-419. The single-unit receivers are divided into two classes, PO aa re. 
viz, (1) single-circuit and (2) double-circuit receivers. The . 
single circuit, while very simple in operation and an excellent 
receiver for some purposes, is not selective. Its tuning is broad 
and therefore interference on near-by - wave lengths is very pro- 
nounced. The double-circuit receiver is Superior to the single- 
circuit type, but requires more adjustment. 

31-420. The following sequence of adjustments to the receiver Adjustments, 
will give good results: 

(1) Turn on current to tubes and by means of rheostat bring 
the filaments to proper brilliancy. (See Article 31-812 for 
proper values of filament current.) 

Nore.—Always burn filaments at the lowest temperature 
compatible with good results, 

(2) Set the secondary circuit by the condenser to the wave 
length of the signal to be received. (This circuit of the receiver 
is generally calibrated.) 

(3) Set the coupling between the antenna and secondary cir- 
euits at about one-half its maximum value. Adjust the antenna 
circuit hy means of the capacity and the inductance until the 
signal is heard, 

Norr.— When the antenna circuit is in resonance with the 
secondary circuit a certain amount of ignition disturbance 
will usually be heard; also statie will come in with maximum 
intensity when the tio circuits are in resonance. 

(4) When the signal is once heard, readjust both antenna and 
secondary circuits with very loose coupling. 


NoTE—The tuning of aireraft receivers is the same as that 
for receivers in ship and shore installations. 


(5) Adjust the antenna circuit to give maximum signal with 
this loose coupling and leaving the adjustment of the antenna 
eircuit unchanged. Tune the secondary circuit carefully and close 
up the coupling slightly. 


Nore.—Alhcays use the loosest coupling at which the signal 
can be read because this will reduce trouble from interference, 
static and ignition, v4 


81-421. The amplifier used in the installation, whether of the Amplifiers. 
two-stage audio-frequency or of the six-stage radio-audio-frequency 
type, should be operated as described in Articles 31-527 to 31-538, 

31-422, The standard receiver equipment for large planes is the rit ees a 

sas dewn trpe SE 950 receiver which is now known as the type large planes, 
= 1950 receiver. Either the type SE 1605 B or SE 1805 amplifier 
can be used with their receiver. The amplifier is arranged so that 
it can he thrown on either the radio compass coil or the secondary 
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31-423, A very satisfactory method of reception in installations 
on planes provided with ignition prevention devices is to use 
the compass coil whenever practicable for receiving, and to use 
the antenna only for transmitting. Interference can then be 
reduced to a great extent by a slight rotation of the compass 
coil. A combination of the radio compass coil for receiving and 
the antenna for transmitting makes an excellent break-in system, 
because with this arrangement the “Send-receive” switch need 
not be operated. 

PART 2.—RADIO COMPASS. 


31-424. The aircraft radio compass is similar in theory to the 
radio compass used in ship and shore installations. (See Sec- 
tion TEX.) 

31-425. Two methods of determining direction are used in 
aircraft work, namely, the minimum and the maximum. The 
first method is the same as that described in Section IX, and is 
used when the received signal is very loud in the maximum 
position, The maximum method is employed when the signals 
are too weak to use the minimum method, that is, when the 
signals are weak on the maximum setting or when a very broad 
zone of silence is obtained by the minimum method. In the 
minimum method the plane of the coil turns is at right angles 
to the line of bearing of the transmitting station when zero signal 
is received, while in the maximum method the plane of the evil 
coincides with the line of bearing of the transmitting station 
when maximum signal is received. 

31-426. Successful operation of the compass coil can not be 
obtained over ranges in excess of fifteen miles unless steps are 
taken to prevent interference from the ignition system of the 
motors. This is accomplished on the F-5-L’s and the NC-bvats 
by the remote control of the entire ignition system effected hy 
means of the Bowden cable, the switches and ignition batteries 
being placed very close to the engines. The standard F-5-L 
installation, provided the plane is equipped with ignition-pre- 
vention devices, should give satisfactory bearings on 5 KW 
transmitting stations at distances up to 100 miles, and fairly 
accurate bearings up to 150 miles, 


PART 3.—INTERPHONES, 


31-427, The interphone used on naval aircraft is very much 
like the ordinary telephone, but by the use of better transformers 
and microphones the voice is transmitted much more loudly and 
clearly than over the ordinary telephone. A special type of 
microphone is used embodying an antinoise feature which per- 
mits the transmission of voice frequencies only. 

31-428. For best results, speak into the microphone fairly loudly 
and distinctly, keeping the button depressed while talking. The 
microphone button should not be depressed while listening. 

31-429. The interphone system should be frequently tested, 
preferably while the motors are being tuned up on the beach, 
The current for the interphone is supplied by the use of one-half 
of a type SE 8535 A battery, approximately 11 volts. The loca- 
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tion of this battery should be kept clearly in mind by the inspect- 
ing radioman and should be replaced by a fresh battery when 
found necessary to give good results. 

31-430. (1) The standard aircraft radio helmet, type SE 2000, 
is provided with soft sponge rubber ear cups to relieve the ear 
from all pressure. It is exceedingly comfortable, but rather warm 
in hot weather. The helmet is designed to give a fair signal with 
a maximum degree of comfort to the operator. If the ear cups 
are made shallow and bound tightly to the head, better signals 
can be obtained, but the continual pressure on the ear generally 
causes a headache. The operator will find it better when very 
weak signals must be received to press his hands on the outside 
of the helmet over the ear cups, which will bring the telephones a 
little closer to the ears, Although this will be a temporary dis- 
comfort, it will enable him to receive the signals. The cape at 
the base of the helmet should be tucked in under the clothing so as 
to prevent the sound from the motors from entering. 

(2) Each operator and pilot connected to the interphone should 
have his own helmet, which should be sewed up to fit his head 
and marked with his name. It will also be found advantageous 
to shape the rubber ear cups to fit the contour of the cheek bones 
Just below the ear. For this purpose a very sharp knife should 
be used. 


(C) EMERGENCY COMMUNICATION, 


31-481. When a seaplane is forced to the water the trailing wire 
antenna is no longer available for transmitting purposes. An 
antenna stretched between the two skid fins of large seaplanes 
may he used for transmitting, but the range of this small low 
antenna is very limited. In order to increase the transmitting 
range for emergeney communication, the large seaplanes are now 
supplied with an emergency equipment, consisting of two kites, 
one to be flown in a low velocity wind, and the other, which is 
smaller, for use in winds of higher velocity. The type of kite 
used maintains a very constant elevation in spite of flaws in the 
wind. For this reason continuous wave transmission can be used 
with satisfactory results. Light weight antenna wire of small 
diameter is used as the kite string. 

381-432. Canvas wind tunnels are also supplied for use in con- 
nectién with transmitting sets which obtain their power from 
wind-driven fans. This wind tunnel is placed behind the main 
engine propeller so that the small opening, which is about two 
feet in diameter, terminates a few inches from the fan driving 
the radio generator. The generator is mounted in the V strut 
directly aft of the engine, and is so designed that it may be readily 
shifted from one motor to another in case one of the motors goes 
out of commission. The use of the canvas wind tunnel enables full 
power to be developed by the radio generator at such low speeds 
of the tnain engine Ghat the plane mukes bardly any headway 
through the water. This feature protects the seaplane from dam- 
age should heavy seas be running. 

31—!88. The Kite antenna is a very good radiator and also gives 
excellent results when used for receiving. About 100 feet of spare 
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antenna wire should be carried. This wire should be connected 
to the base of the generator and thrown over the side into the 
water for the purpose of obtaining a good ground connection. 
Tests with this equipment have demonstrated that excellent two- 
way communication may be obtained over distances in excess of 
150 miles. 

31-434. The weight of the additional emergency equipment is 
very slight and, as the kites are collapsible, the entire emergency 
gear may be readily stowed in a plane. 

The kite, in addition to its use as a means of holding an antenna 
aloft, also serves as a marker for the disabled plane. The value 
of this feature is further enhanced by the color of the kite. 
making it possible for watercraft and other aircraft to locate the 
seaplane more eaSily. 

31-435. The emergency communication apparatus should be 
earefully inspected and placed on board each seaplane to be so 
provided before flight. Frequent drills in the use of this ap- 
paratus should be conducted. Each member of the crew should be 
given a number and assigned to a certain duty. When a forced 
landing is made, each man will go to the location assigned him 
and complete his duties as soon as possible. This procedure will 
obviate the necessity of the pilot giving separate orders to each 
man, and a great deal of time will thereby be saved. It will 
be seen that the time element is a very important factor, because 
the plane is usually badly disabled and in a sinking condition 
after a forced landing has been made. 


SECTION VI.—RECEIVING EQUIPMENT, . 
PART 1.—GENERAL, 

31-450, Receiving equipment includes all the apparatus between 
the antenna switch and ground connection of a radio station 
that is used for the reception of radio signals. The following 
list gives the apparatus used in the service for receiving radio 
signals: 

(A) Receivers. 
(B) Amplifiers. 
(1) Audio-frequency type. 
(2) Radio-audio-frequency type. 
(C) Vacuum-tube detectors. 
(D) Radio-frequency drivers, 
(E) Special equipment for increasing selectivity. 
(1) Acceptor-rejector circuits. 
(2) Model RB receiving equipment. 
(3) Tuned telephone. 
(F) Wavemeters. 
(G) Miscellaneous apparatus: 
(1) Telephones. 
(2) Crystal detectors, 
(3) Vacuum tubes. 
(4) Condensers fixed and variable. 
(5) Inductances. 

The complete receiving equipment used in any one installation 

depends upon the type of service required of the installation. 
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31-451. The collector may be the main or auxiliary antenna Collector, 
or any other antenna constructed especially for receiving, such 
as the one or two wire antenna of very moderate dimensions. 
The collector may also be a loop or coil similar to that used in 
the radio compass installations. 


(A) Recervers. 


PART 1.—GENERAL, 


31-452. Radio signals are transmitted by either damped or 
undamped waves, The type of receiver used in the service can 
usually receive and detect either type of oscillations, The sim- 
plest form of receiver is that used for reception of damped wave 
(spark) signals. The equipment for this purpose includes (1) 
the collector, (2) the receiver (consisting of three circuits, viz, 
the antenna circuit, the secondary circuit, and the detector cir- 
cuit), and (3) the ground connection. The antenna circuit of 
the receiver is used to tune the antenna to resonance with the 
frequency of the signal to be received, thereby obtaining a maxi- 
mum effect in this circuit from the advancing wave. The sec- 
ondary circuit is also tuned to resonance with the antenna cir- 
cuit and the maximum amount of current is thereby transferred 
to the detector circuit which is used for rendering the signal 
audible, 

31-453. The following table gives data on the standard types Types of 


: fe civers. 
of receivers now in general use: eeLYSES 
+ Wavelength e 

Type No rarige Gneters), Use. 

CN MB-A Lecce. 300-2, 500 | Unit of one-half kilowatt 
pack set. 

BE NOMI E Nes ood eselg ees Bievud vers 50~1,000 | Radio Compass equipment. 

SEAN oi oe eeeachn ccna ih heim 200-2,000 } Aircraft equipment. 

SH A266 sos eas ik renin caren 250-6, 800 } All around work. 

SE 420-D 2 250-6, 800 Battleship equipment. 

SE 1420-E 2. 250-6, 800 Do. 

SE IM0- A esuavanbsueceoc oto oe 250-1, 200 | Radio compass equipment. 

SE 1530........ --| 6,000-30, 000 | Shore station equipment. 

SE 1899.......... : 800-25,000 | All around work. 

SE 1950............ : 300- 2,400 | Aircraft equipment. 

SE 3649....00000000000. Seabees of 800-25,000 | Standard battleship equip- 
ment. 

| 


re= 


31-454. The description of a typical radio receiver given in Inductive hack 


part 2 of this section applies to practically all of the more recent coupling. 
types of Navy receivers except in a few minor details. The 

SE 1420-C receiver includes the vacuum tube detector. This 
feature is not present in some of the other types. The present 
practice is to use inductive (nagnetic) coupling between the 
antenna and secondary circuits as well as between the plate and 

grid of the vacuum tube circuit. The remarks pertaining to the 
installation, operation, care and upkeep and faults and their 
remedies apply in general to all receivers, 


31-455. The SE 899 and SE 1899 receivers employ a capacity Capacity back 


back coupling for generating oscillations in the secondary circuit CoUPine. 
for autodyne reception. Although oscillations can be maintained 
within the range of the receivers mentioned, the strength of the 
oscillations can not be varied at will as with the inductive back 
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coupling (tickler), and thereby adjusted to the proper strength 
for the signal being received. This feature results in a loss of 
sensitivity and, when the tuned telephone circuit is added to the 
receiver, oscillations can not be maintained except on the longest 
wave lengths. 


PART 2,—-DESCRIPTION. 


31-456, The type SE 1420C receiver is intended for the recep- 
tion of damped or undamped signals between 250 and 7,500 meters. 
It permits the use of either the crystal or the vacuum tube detec- 
tor, and contains within itself the receptacle and controls for the 
latter. Variable back coupling provides for regenerative ampli- 
tication of damped signals. By virtue of thorough shielding, the 
receiver is highly selective and proof against local interference. 

21-457. The antenna circuit comprises a coil variable in six 
steps, or taps, and a continuously variable air condenser con- 
nected in series between the antenna and ground binding posts. 
The ordinary antenna acts like a relatively small inductance in 
series with a relatively large capacity, and its effect upon the 
tuning of the antenna circuit depends upon the magnitude of these 
quantities. Consequently, it is impossible to predict the wave 
length of the antenna cirenit at any setting, and it is necessary 
for the operator to determine the wave lengths, or calibrate, the 
antenna circuit after installation, following the procedure given 
in article 31-484. The wave length range of the antenna circuit 
is from 285 to 6,000 meters when the capacity of the antenna is 
0.004 pf, and from 235 to 7,500 meters when the capacity is 
0.0909 uf. 

31-458. The secondary circuit comprises a coil variable in six 
taps connected in series with a continuously variable air con- 
denser, the detector circuit being connected across the terminals 
of the latter. A pointer actuated by the inductance switch indi- 
cates on the proper one of six circles on the condenser dial the 
wave length to which the secondary circuit is tuned. The wave 
length corresponding to the different settings of the secondary 
condenser and the tap or inductance in use are engraved on the 
upper half of the dial. These markings are spaced 100 meters 
apart for the shorter wave lengths and increase in yalue to 200 
ineters and finally to 500 meters for the upper range of the 
receiver, The lower half of the dial is marked in degrees. The 
ware length range of the secondary is from 235 to 7,500 meters. 

81-459. Both the antenna and secondary condensers are pro- 
vided with “fine adjustment” knobs, geared to the movable 
plete systems in the ratio of five to one. 

21-460. (1) Any capacity offers less impedance to the passage 
of radio-frequency than to the passage of low-frequency currents. 
Consequently interference or intrusion of signals from near-by 
stations, operating at wave lengths shorter than that to which 
the receiver is tuned, may occur if there is electrostatic coupling 
between the antenna and secondary circuits. 

(2) Another kind of interference is that resulting from mag- 
netic or electrostatic coupling with a transmitter in the same 
building or on the same ship as the receiver. This is especially 
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undesirable in “break-in” systems, where the operator must 
listen for incoming signals during the pauses of the transmitter, 
and is likely to be disturbed by loud signals from the transmitter. 

(3) To overcome both kinds of interference, the entire receiver 
is enclosed in a grounded sheet-copper case or shicld, the antennt 
and secondary circuits being separated by a sheet-copper parti- 
tion. This shielding is connected to the positive filament battery 
terminal and prevents both magnetic and electrostatic coupling 
between outside bodies and any part of the receiver. Electro- 
statie coupling between the antenna coil and the coupling coil is 
prevented by a coupling coil shield which will be described later. 

31461. Magnetic coupling between the antenna and secondary 
circuits is obtained by means of a coupling coil connected in 
series with the secondary coil and forming part of the first tap, 
and magnetically linked with the antenna coil. The coupling 
coil is mounted at an angle of 45° to its spindle, and the antenna 
coil is fixed at an angle of 45° to this spindle. In this way a 180° 
rotation of the spindle is obtained in turning the coupling coil 
froin a position at right angles to the antenna coil, in which the 
coupling is zero, to x position in line with the antenna coil, in 
which the coupling isa maximum. Thus the 45° mounting affords 
finer control of coupling than that obtainable with a rectangular 
mounting, 

81-462. The coupling coil is provided with an_ electrostatic 
shield to prevent electrostatic coupling between the antenna and 
secondary circuits. This shield consists of an additional winding 
placed over the coupling coil, wound in the opposite direction to 
the latter, one terminal being connected to the low-potential or 
ground end of the coupling coil, and the other terminal being 
dead-ended (see fig, 31-24). The shielding thus obtained is of 
course imperfect, so that some radio-frequency alternating current 
still flows by electrostatic coupling from the antenna coil through 
the coupling coil to ground, setting up an alternating voltage in 
the coupling coil, which is impressed upon the secondary circuit 
and the detector. An equal and opposite voltage is induced in the 
coupling coil by the displacement current flowing in the shielding 
coil, completely neutralizing the effect of electrostatic coupling 
upon the secondary. 

81-463. (1) Oscillations are obtained by means of the back 
coupler having a stationary part, wound on the main secondary 
coil tube (see figs. 81-22, 31-238, and 31-24), in series with a rotat- 
able part, wound on a spherical form, mounted inside the sec- 
ondary coil tube (see fig. 81-24), When the movable purt is in the 
180° position, its coupling to the secondary coil is added to that 
of the stationary part; and when it is in the zero position, its 
coupling is subtracted from that of the stationary part, practi- 
cally neutralizing it. By virtue of this construction a full 180° 
rotation of the back coupler is obtained when passing from mini- 
mum io maximum back coupling. affording fine control as in the 
case of the coupling coil. 

(2) Inasmuch as most of tap 1 is in the antenna coupling 
coil, it is necessary to resort to close coupling of the remainder of 
tap 1 and of tap 2 to the back coupler in order to secure oscillation 

88156 °-—22 8 
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on these taps. Accordingly, the remainder of tap 1 is placed di- 
rectly over one side of the movable back coupler coil, the stationary 
back coupler coil being placed between it and tap 2 (see fig. 31-24). 
31464. A push button is provided near the back coupler knob. 
When this button is depressed it short-circuits the back coupler 
and stops oscillation, changing the direct plate current and giving 

a click in the telephones, 
wwe ta Be * 31-465. Every coil has a natural wave length of its own due 
to capacity betwecn its turns. In the type SE 14200 re- 
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Fic, 31-21.—Scheme of connection for erystal detector. 


ceiver, the high-inductance sections of the antenna and sec- 
ondary coils are resonant at wave lengths within or near the 
operating ranges of the low-inductance sections. The latter, 
therefore, tend to induce oscillations in the former, dissipating 
power and weakening signals. To evercome this, each of the 
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Fic, 31-22,-Scheme of connections for yacuum tube. 


inductance switches is provided with a number of blades to short 
circuit the high-inductance sections when the low-inductance sec- 
tions are in use, reducing the natural wave lengths of the former 
by about one-half and bringing them well below the operating 


ranges of the latter. 


preptabandion 81-466. (1) A four-pole double-throw “ anticapacity ” switch is 
i « 


provided for making the connections shown in either figure 31-21 
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or 31-22. In the set of connections shown in figure 81-21, the 
grid, plate, and filament are disconnected, both battery cir- 
cuits are opened to prevent drainage and waste, the terminals 
of the secondary circuit are connected to the “sec. cond.” bind- 
ing posts, and the crystal binding posts are connected in series with 
the telephones across the secondary circuit. The “sec. cond.” 
binding posts may then be used for connection to the input 
terminals of a radio-frequency amplifier, provided that the crystal 
be disconnected from the “crystal” binding posts (see fig. 31-23). 


MOTE: TAP NUMBERS | To 84 INCLUSIVE 


19 ¢ ANT, COND. 
O14 MPD. 
tS ROTARY PLATES 


$ 
™ : 
| 3Ox-— erie en a na el a de Ba ee oe lar wile Se eee de on aed 


Fig. 31-23.— Wiring diagram (looking at back of receiver). 


(2) In the set of connections shown in figure 31-22, the sec- 
ondary circuit is connected between the grid and the filament, 
and the back coupler, telephones, and plate battery are connected 
in series between the plate and the filament. 

(3) In the intermediate or “send” position the Crystal-audion 
switch opens all connections so as to prevent loud noises in the 
telephones when sending, 

31-467. The tube mounting carries a four-contact bayonet-joint 
tube socket, suspended on springs in such a way as to be 
mechanically shock-proof so that external vibrations will not 
produce vibration of the tube and consequent noises in the tele- 
phones. 


314468. A 0.007 uf mica condensey (65-67, fig. 31-22) is a 


connected between the back coupler and the filament to act 
as a radio-frequency by-pass around the telephones and 
plate battery. When operating on the crystal detector this 
condenser is in series with the erystal and in shunt with the 
telephones (fig. 31-21). It has six steps, so as to permit approxi- 
mate tuning with the telephone inductance to the note of the 
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incoming signal. Incidentally, it serves as an auxiliary osciila- 
tion control, as it offers a greater impedance to radio-frequency 
plate current when set at a low value than when set at a high 
value, thereby making oscillation more difficult. 

81-469. The type SE 1420C receiver differs from the type Sh 
1420 and SE 1420A and B in that the grid bias has been 
eliminated and, a fixed capacity of 80 zuf, is connected in series 
with the grid. A high resistance, 2 megohms, is connected across 
the condenser, It has been found that the over-all sensitivity of 
the receiver is greatly improved by the addition of the grid con- 
denser and grid leak. ” 
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Fic, 31-24.—Schematic Ciagram. 


31-470. A buzzer and controlling push button are provided for 
exciting the antenna circuit into damped oscillation at the wave 
length to which it is tuned. The exciting circuit is capacitiveiy 
coupled to the antenna circuit by means of a small metal tube 
or spirai of wire surrounding the antenna lead and connected to 
the armature of the buzzer, the stationary contact of the buzzer 
being grounded. The buzzer enables the operator to tune the 
antenna and secondary circuits to each other approximately, and 
to test the performance of either a crystal or a vacuuim-tube 


detector. 
PART 3.—OPERATION. 


31471. The principal objects sought in the operation of a radio 
receiver are (1) loudness and clearness of signals, (2) eliminu- 
tion of undesired signals including “static,” and (38) rapid 
“pick-up” work. These objects are antagonistic to a certain 
extent, and therefore, can not be attained simultaneously as will 
be made evident in the consideration of the various phases of 
operation, 

31-472. The following types of vacuum tubes will operate sut- 
isfactorily in this receiver: 

Type SE 1444. 
Type CW 933. 
Type CG 899, 
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The type CW 983 tube is considerably better than the other two 
for producing oscillation. For detection all three are roughly 
equal. The type SE 1444 is considered somewhat more sensitive 
and has the additional advantage that it takes about three-fifths 
as much filament current as either the type CW 933 or CG 890, 
and but one-fifth as much plate current as the type CW 933 tube. 

31-473. The proper adjustment of filament current is of Vital . 
importance in the operation of any tube. While an increase in 
filament current, within limits, makes a tube a better oscillator, it 
does not always improve the detecting properties of the tube, and 
it causes the filament to burn out sooner. The proper filament 
currents are as fullows: 


Filament 

current 
Vacuum tube. (amperes). 
Type SE 1444_____.-.----__-_~------------------------~------ 0. 65 
Type CW 933__.------------------------------~--------------- 1.10 
Type CG 890 _.-_-_----_~------------------------------------ 1,10 


Do not at any time unduly increase the fliament current as it 
will weaken the signal and greatly shorten the life of the tube. 

31-474. The value of the plate voltage is second in importance 
only to that of the filament current, and is governed by similar 
considerations. An increase in plate voltage, in general, improves 
the tube as an oscillator. The following table gives the plate 
voltage limits for the three types of tubes, for best detection: 


Plate 

voltage 

Vacuum _ tube. (volts). 
Type SE 1444____-______~_-_------------~-----------~------------ 40 
Type CW 983_--------------------.-+------------------------- 40 
Type CG 890___-__-_.--------------- Hee nee eee 40 


814475. The primary function of the telephone condenser is to 
tune the telephone circuit to the note of the received signal. This 
adjustment, however, is not sharply critical in its effect upon sig- 
nal strength. For high-pitched notes and for crystal operation 
it will be found better to set the telephone condenser at 1 or 2. 
while for low-pitched notes it will be found better to set it at 5 
or 6. A secondary function of the telephone condenser is the con- 
trol of oscillation, This use of the telephone condenser will be 
found necessary under certain conditions. For example, it will 
be found that with most type CW 933 tubes oscillations can not be 
stopped at the lower wave lengths on tap 1 unless the telephone 
condenser ig set at 1 or 2. Alecays make the final adjustment of 
oscillation strength with the back coupler knob. 

31476. (1) In addition to its function of oscillation control, the 
back coupler plays an important part in securing maximum loud- 
ness of detected signals and high selectivity. To secure this by re- 
veneration in the case of damped signals, increase the back 
coupling slowly and carefully until the signal in the telephone is 
loudest. If it is still further increased, oscillation will be set 
up in the secondary circuit, as evidenced by an irregular hissing 
sound accompanied by a reduction in strength of signal. 

(2) The adjustment of the back coupler for autodyne reception 
of undamped signals is almost as critical as that for detection of 
damped signals. With the secondary circuit in the oscillating 
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condition, decrease the back coupling slowly until the signal is 
loudest, at the same time retuning the secondary. The loudest 
signal is obtained when oscillations are on the verge of stopping, 
and not when they are strongest. Should any “ howling” be 
heard in the telephones when the secondary circuit is in the 
oscillating condition the disturbances may be eliminated by 
reducing the back coupling. 
reg Sti tiation 31477. To test for the presence or absence of oscillations in the 
secondary circuit, press the button beneath the back coupler knob, 
A dull click in the telephones, on both depression and release, 
indicates the stopping and starting of oscillations. In the absence 
of oscillations no sound will be heard. 
Factors affect- 31-478. (1) The factors affecting oscillation in the secondary 
Jag oscillation. ircuit are as follows: 
(1) Vacuum tube. 
(a) Filament current. 
(b) Plate voltage. 
(2) Back coupler setting. 
(3) Telephone condenser setting. 
(4) Antenna: 
(a) Coupling. 
(b) Tuning. 
tent of an- (2) The effect of the antenna upon the ease of oscillation in 
the secondary circuit, though not generally appreciated, is quite 
pronounced. When the antenna circuit is coupled and tuned to 
the secondary circuit, power is transferred to the former from the 
latter, producing oscillations in it. The amount of power ex- 
pended in this way depends upon the characteristics of the an- 
tenna; so that different antennas differ in the magnitude of 
their effect upon the oscillations. An antenna of exceptionally 
high resistance may stop oscillations on taps 1 and 6. In this 
case and in no other it is permissible to raise the plate voltage 
to a certain extent—say to 60 volts. 
Failure to ob- (3) Failure to obtain oscillations at any ware length setting 
tain oscillation. . . +s : 
with an ordinary antenna indicates a defective tube, a defective 
receiver, or improper manipulation. 
Adjustment of 31-479. (1) The coupling plays a very important part in the 
coupling. performance of the receiver, and the operator should thoroughly 
acquaint himself with its action and use. 
Loose coup. (2) At low values of coupling, the reaction between the antenna 
ling. and secondary circuits is slight, and the tuning of one circuit is 
virtually independent of the tuning of the other. Consequently 
two independent selections of wave lengths by tuning are made 
in the two circuits, and the receiver as a whole is highly selective. 
This is a desirable condition when there are interfering signals 
at wave lengths only slightly different from that of the desired 
signal, and will make Inose coupling preferable to tight even at 
the cost of loudness of signal. 

(3) Tight coupling introduces such a reaction between the 
antenna and secondary circuits that the tuning of one circuit 
appreciably affects the tuning of the other over wide ranges. 
With tight coupling the entire receiver is but slightly more selec- 
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tive than one of the circuits alone. This is valuable in pick-up 
work, where selectivity is not desired. 

(4) Maximum loudness of signal is obtained with neither ex- 
tremely loose nor extremely tight coupling, but with an inter- 
mediate optimum value of coupling, which may be found by trial 
and depends upon the wave length setting and the characteristics 
of the antenna. 

31-480. To tune the secondary circuit to a desired wave length, 
find the wave length among those engraved on the secondary con- 
denser dial (or estimate its position from the nearest engraved 
mark), set the secondary inductance switch to bring the pointer 
on the proper dial circle, and rotate the condenser to bring the 
pointer in line with the wave length mark, using the fine adjust- 
ment knob. When the desired wave length occurs on two taps, 
the tap indicating the greater capacity (higher reading in de- 
grees) is to be preferred because the rate of change per degree in 
total capacity is less on the upper range of the condenser scale, 
thus permitting more selective tuning to be made. The dial 
engraving gives the correct setting when the type SE 1444 tube 
is used, with 40 volts plate battery and 0.65 ampere filament cur- 
rent, the back coupling being adjusted approximately to the point 
at which oscillation begins, the antenna coupling being loose. 

381-481. (1) Any departure from these standard conditions 
changes the secondary wave length, the following being the im- 
portant factors: 

(a) Detector. 

(0) Back coupler setting. 
(e) Coupler setting. 

(d@) Antenna tuning. 

(2) The capacity of the detector affects the secondary tuning. 
A erystal detector or type CW 933 tube adds a higher capacity 
to that of the secondary condenser than a type SE 1444 tube, 
and consequently gives a longer wave length at a given condenser 
setting. 

(8) An increase in back coupling increases the secondary 
wave length, especially on taps 1 and 2. When operating on 
these taps do not increase the back coupling beyond the point 
at which oscillation begins, as it reaches resonance with the 
secondary circuit and becomes the controlling factor in the 
tuning. 

(4) On tap 1, where the coupling coil forms the major part of 
the secondary inductance, an increase in coupler setting de- 
creases the inductance and therefore the wave length at a fixed 
condenser setting. This is due to a reaction from the short- 
circuited portion of the antenna coil, 


(5) With close coupling, the antenna tuning reacts upon the wt 


secondary tuning, as previously stated. 

(6) The effects of (3). (4), and (5) upon the secondary tuning 
are particularly marked in autodyne reception at short wave 
lengths. Always bear in mind that the secondary dial engraving 
gives correct wave lengths only when standard conditions obtain, 

31-482. The tuning of the secondary circuit depends upon 
whether damped or undamped signals are being received. In re- 
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ception of damped signals, tune for maximum loudness. In 
autodyne reception of undamped signals, silence is obtained when 
the secondary is in tune with the signal, and as the secondary 
is detuned to one side or the other, a low “beat note” is heard, 
which changes to a shrill note as the detuning progresses, finally 
becoming inaudible. The best ‘beat note” to use depends upon 
the individual ear. On short wave lengths the “beat note” be- 
comes inaudible with very slight detuning, so that it may be 
missed entirely unless careful adjustment is made with the 
secondary condenser fine adjustment knob. 

31-483. (1) For maximum signal strength tune the antenna 
accurately to the wave length of the incoming signal, regardless 
of whether the latter is damped or undamped. In stand-by or 
pick-up work it is desirable to tune the antenna circuit to the 
secondary independently of incoming signals. This can be done 
by the following methods: 

(a) Antenna condenser dial calibration. 
(6) Coupling clicks. 

(c) Buzzer signal. 

(d@) Static. 

(2) In using any of these methods, it will be helpful to re- 
member that, with most antennas, the wave-length range of any 
tap in the antenna circuit is roughly the same as the wave-length 
range of the corresponding tap in the secondary circuit. For ex- 
ample, any wave length found on tap 3 of the secondary circuit 
will usually be found on tap C of the antenna circuit. 

(83) If the antenna condenser dial has been calibrated in accord- 
ance with instructions given in article 31-484, simply set the 
antenna inductance switch and condenser dial to the wave length 
indicated by the secondary dial. This is subject to whatever 
error exists in the secondary setting due te departure from 
standard conditions. It is also subject to error resulting from 
the action of external influences upon the antenna, such as the 
motion of large metallic bodies near the antenna, which would 
change the capacity of the antenna. However, this method of 
tuning the antenna circuit is sufficiently precise for practical 
stand-by or pick-up work. 

(4) Tighten the coupling to 180 degrees, set the antenna in- 
ductance switch to the proper tap, and with the secondary circuit 
in the oscillating condition, rotate the antenna condenser back 
and forth. A click will be heard in the telephones at a certain 
position of the antenna condenser in rotation to the right, and at 
a different position in rotation to the left. Loosen the coupling 
gradually and these positions will approach each other, until a 
critical coupling is reached at which they coincide. At the 
point of coincidence the antenna circuit is tuned to the sec- 
ondary. If the coupling is further loosened the clicks will 
disappear. The tuning of the antenna circuit reacts upon the 
secondary and changes the frequency of oscillation until the 
antenna circuit is so far detuned that the reaction diminishes and 
the oscillation returns to normal. This occurs abruptly and pro- 
duces the click heard in the telephones. 
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(5) Adjust the buzzer to give a clear note when the button is 
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tune the antenna circuit for maximum buzzer signal in the 
telephone. This can be done equally well with a tube or a crystal 
detector. Close coupling gives a loud signal, but broadens the 
tuning. 

(6) Tune the antenna circuit until a low rumbling or hissing 
noise appears in the telephones. This may be done with any type 
of detector, whether the secondary is oscillating or not, but de- 
pends upon the regularity and intensity of the disturbances pro- 
duced by atmospheric electricity, and sometimes fails because of 
the complete absence of such disturbances. 

31-484, (1) As soon as the operator has acquainted himself 
with the use of the various controls and adjustments, he should 
make it his first duty to calibrate the antenna circuit. 

(2) Adjust the filament current and plate voltage to the proper 
values for the tube in use. Set the secondary condenser accu- 
rately to wave length 300 meters on tap 1. Obtain oscillations in 
the secondary circuit. Set the antenna inductance switch on tap 
A and tune the antenna circuit to the secondary by means of 
“coupling clicks” as described above. Be sure to adjust both the 
coupling coil and the back coupling to the lowest settings at which 
clicks occur, If due care is exercised, the clicks produced by rotat- 
ing the antenna condenser in opposite directions should not be far- 
ther apart than two degrees. Set the antenna condenser midway 
between the two click positions and mark the position of the 
pointer on the dial with pen and ink, first using a soft rubber 
eraser to remove grease from the dial. Write under this mark 
the wave length-—300 meters. Proceed in a similar manner for 
all the wave lengths obtainable with the secondary, marking any 
wave length which occurs on two taps of the antenna circuit at 
two places on the dial (for example, wave lengths 300 and 400 
are likely to occur on both taps A and B). The antenna calibra- 
tion so obtained will be found invaluable in facilitating the work 
of the operator. : 

(3) Any change whatever in the structure, aires, or connections 
of the antenna, or the erection or motion of large metallic bodies 
in the vicinity of the antenna, destroys the accuracy of the 
antenna calibration. In the event of such a change it is the duty 
of the operator to erase the writing on the dial, and recalibrate 
the antenna circuit. 

81-485. To adjust a crystal detector, connect one cell to the 
“ Buzzer battery ” binding posts and adjust the buzzer for a clear 
note. Throw the Crystal-Audion switch to the left, set the 
antenna and secondary circuits at the same wave length with the 
assistance of the dial calibrations, and locate by trial a sensitive 
point for contact on the surface of the crystal, which will give a 
good buzzer signal. If an antenna calibration has not yet been 
made, the operator may tune by means of the buzzer and the 
crystal, provided he can find a point on the latter which is at all 
sensitive, though it be a poor one. 

81-486. Occasionally the operator ig called upon to listen for 
a particular station sending on a particular wave length. Eveu 
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in such cases there is generally sotue uncertainty as to the exact 
wave length, because of slight inaccuracies in the tuning of both 
the sending and the receiving apparatus. Therefore, reduce the 
selectivity or broaden the tuning by the use of tight coupling. 
If the signals are expected to be very faint, sacrifice broadness of 
tuning to a certain extent and adjust the coupling to or slightly 
above the optimum value, as judged from experience. With 
the aid of the dial calibrations, set the antenna and secondary 
circuits to the wave length of the sending station, and the back 
coupler slightly below or slightly above the point at which oscil- 
lations begin, depending upon whether the expected signals are 
damped or undamped. 
Pick-up work. 81-487. Ordinarily the operater’s duty is to maintain a steady 
watch for signals on an assigned wave length, recording every- 
thing he can read. For picking up powerful signals only, 
tight coupling and maximum back coupling will facilitate his 
work. A damped signal will come in with a hissing noise and 
will be readily recognized. On the other hand, if the operator 
is required to listen for the faintest audible signals, as is more 
usually the case, he must constantly keep the coupling at optimum 
value and the back coupling slightly below or slightly above 
the point at which oscillations begin, depending upon whether 
damped or undamped signals, respectively, are sought. 
ogg forsig- 31-488. The search for signals consists of continual tuning of 
the antenna and secondary circuits, keeping the two circuits in 
tune with each other and traversing repeatedly the entire ware 
length range within which the signal is expected to be picked up. 

ae adjust- 31-499. (1) When a signal has been found and it is expected 
that difficulty will be encountered in copying the message due to 
interference from other signals, from static, or because of weak- 
ness of signal due to the distance over which the message is being 
transmitted, the following procedure for tuning the receiver to 
the incoming signal should be invariably adhered to, because the 
results obtained by this method are uniform, can be repeated any 
time and, in general, give the loudest signal with least inter- 
ference from any cause: 

(a) Tune antenna circuit roughly to give maximum sig- 
nal, 

(b) Loosen secondary coupling until signal is barely 
heard. 

(c) Retune primary and secondary cireuits to give maxi- 
mum response at this coupling and do not change pri- 
mary setting at any time after this operation. 

(d) Close secondary coupling gradually until the signal 
reaches maximum intensity. 

(e) Having found position of maximum signal reduce sec- 
ondary coupling very slightly. This is the point at 
which reception should always be carried on. 

(f) Vary secondary condenser as required to give best note. 

(g) Should it be necessary to use more inductance in either 
the primary or secondary circuits the entire pro- 
cedure outlined above must be repeated because the 
coupling has been changed. 
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(2) If necessary, intensity of signuls should be sacrificed in 
order to reduce interference and the secondary coupling can 
be loosened until the signal desired can be read through the inter- 
ference, or if, after having made all adjustments, it is still found 
impossible to copy the message and the interference is on a 
slightly longer wave length, good results can sometimes be ob- 
tained by repeating the procedure just given, but tuning the pri- 
mary and secondary to a wave length slightly shorter than that 
of the signal to be received. 

(3) The reason that it is impossible to get consistent resuits 
with closely coupled tuning is evident when it is remembered that 
with close coupling the apparent tune of one circuit is changed 
by every change in the other and that these influences also vary 

- for every change in the coupling, to say nothing of the fact that 
‘ach of the circuits has also two free periods; so that there is 
an almost infinite number of combinations which will apparently 
give the correct tune, but with very small chance that the best 
combination will be found, 

31-490. (1) Measurements of audibility should be made in a 
uniform manner so that consistent and reliable results may be 
obtained. The receiver set should be tuned in the manner just 
described (steps a to g, inclusive) and the secondary coupling 
left in position (step e). The secondary condenser can be varied 
as necessary to give best signal and the coupling can also be 
changed while taking audibility readings, but wider no cireum- 
stances should the primary circuit tuning be changed. 

(2) The audibility meter should be connected to the telephone 
binding posts of the receiver. For received current measure- 
ments, amplification should not be used, Either the oscillating or 
nonosciliating vacuum tube detector can be employed, as the 
case requires. Amplification can be used whenever strength of 
signal is to be measured, in which case the kind of amplification 
and number of stages should be reported. 


PART 4.—INSTALLATION, 


81-491. (1) In choosing a location for the receiver, bear in 
mind the operator’s convenience in manipulating the control knobs 
and recording messages simultaneously. 

(2) Fasten the receiver to the table by means of small brass 
angles and wood screws. In case there is no room for the angles, 
remove the receiver from the box by unscrewing the ten fasten- 
ing screws in the front of the panel. drill holes in the bottom, and 
secure the box to the table by means of wood screws. Do not 
leave the receiver unfastened on board ship, as the motion of the 
ship may cause damage to it. 

31-492. Use waterproof lead covered duplex cable for battery 
leads, und single bare copper or rubber covered wire for antenna, 
ground, crystal. and amplifier leads. Use no wire smaller than 
No, 14 American wire (B. & 8.) gauge. 

81-468. To connect in an audio-frequency amplifier, such as the 
type SE 1000 amplifier, connect the “telephone” binding posts 
of the receiver to the “input” binding posts of the amplifier, 
using the tube in the receiver as the detector. To connect in a 
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radio-frequency amplifier, such as the type SE 1405 amplifier, con- 
nect the lower “sec, cond.” binding post to the flament and the 
upper “sec. cond.” binding post to the grid, of the first amplifier 
tube. Throw switch from “crystal” to “R. F. Ampl”’ position 
and turn off current to filament of vacuum tube in receiver. 


PART 5,—CARB. 


Cleaning. 31-494. While the appearance of the receiver has no direct 
bearing upon the reception of signals, it is an indication of the 
care Which the operator bestows upon his apparatus and the 
quality of his work in general. A few minutes a day devoted to 
maintaining the neat appearance of the receiver will be found con- 
ducive to careful manipulation and will he profitably spent. Clean 
and polish the box, panel, and exposed metal parts with a soft 
dry cloth. Clean the buzzer contacts, when necessary, with crocus 
cloth or the finest emery cloth obtainable. Remove the receiver 
from the box occasionally and go over all parts carefully, wiping 
off accumulated dust and cleaning all corroded metal surfaces, 


PART 6.—REPAIR, 


31-495. Every receiver is thoroughly inspected and tested and 
free from all defects before being sent into service. The mecha- 
nism and wiring of the receiver are rugged. Should a fault 
occur in any part of the receiver it should be remedied on board 
ship, but it is not intended that such repair include any change 
whatsoever in the wiring arrangement nor an attempt to im- 
prove the receiver electrically. Improvements of this description 
should only be made with the authority of the Bureau. 

ue teneral fate 31-496. Complete failure to receive signals, or signals not being 

reeeire, received with proper intensity, are always indications that the 
receiving system is out of order, but not that the receiver itself 
is to blame. Therefore, it is advisable to inspect the circuit from 
the collector (antenna) to the receiver and thence to ground be- 
fore looking for trouble in the receiver. The somewhat compli- 
cated receiving circuits now being used make such procedure 
proper unless it can be ascertained by observation that the trouble 
is in the receiver. 

PART 7.—FAULT AND REMEDIES, 


Common faults. 31-497, (1) The faults which may occur may be classified 
as follows: 
(a) Open circuits. 
(bo) Short circuits. 
(¢) Grounded circuits. 
(d) High resistance or loose contacts. 
Open eireults. (2) Open circuits may be caused by the following: 
(a) Antenna switch may be open. 
(8) Crystal-audion switch may be thrown in wrong direc- 
tion. 
(ec) Filament of detector tube burned out. 
(d) Crystal detector not making contact. 
(e) Filament of any tube being used in the amplifier 
burned out. 
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(f) Telephones plugged to wrong stage of amplifier when 
filament is not lighted. 

(g) External wiring to binding posts broken or binding 
post not making contact with the wire. 

(h) Open circuit inside the receiver. 

(3) The remedies for any of the above faults are obvious and Remedies, 
the faults are evidenced by failure of the receiver to operate in 
whole or in part and by the fact that the receiver calibration has 
become incorrect. 

(4) It is sometimes found that the wave length of the second- A popen, Saoad- 
ary circuit does not respond to changes made in the secondary circuit, 
condenser. This is determined by the click method; when the 
antenna circuit tunes to resonance at only one wave length for 
each step of the secondary inductance it shows that the second- 
ary condenser circuit is open. 

(5) If the secondary circuit oscillates it is not open circuited. 

If clicks cannot be heard with tight coupling between primary and 
secondary circuits when secondary circuit is oscillating, it indi- 
cates that the antenna circuit is open, provided a diligent search 
has been made over a sufficent range. 

81-498. Short circuits and grounded circuits are usually evi- Short cireaits. 

denced by failure to reccive or to operate satisfactorily or when Gygumed cle- 
the calibration does not indicate correctly. The condensers 
should be tested for open circuit, grounding and short circuit. 
The inductances should also be checked for continuity of circuit 
and visual inspection made of the interior of the receiver, The 
testing equipment with which to locate these defects can be made 
from a 25-watt incandescent lamp connected in series with ship’s 
supply voltage. In using this testing set it is essential that all 
external connections of the receiver be broken and that the vac- 
uum tube be removed. This is particularly useful in locating a 
short circuit in variable condensers because a slight spark will 
occur at the point of contact when the condenser is rotated. 
Consult the wiring diagram of the receiver when it has been 
proven that the receiver is at fault before attempting to trace 
the wiring, Remember the past performances of the receiver and 
judge the nature of the fault from that viewpoint because the 
fault usually found is minor unless the receiver has been through 
an accident. 

31-499. These defects may prevent the receiver from func- High restst- 
tioning at all or may cause a decrease in received signal oui. Opeueir- 
strength. more or less marked, depending upon the resistance of 
contact. High resistance in the secondary circuit will generally 
require a tighter back coupling to compensate for it. This 
test should be made with the antenna cireuit open; if oseilla- 
tions are easily maintained with the usual back coupling the 
secondary circuit is in good condition and the fault probably 
lies in the antenna circuit. 

31-500, Another fault that is very frequently found is due to _ Defective tele 
one or both of the telephone diaphragms sticking to the magnets. Phones, 

Very frequently this is caused by rust collecting on the diaphragm 
or becafise the diaphragm has become bent. If the telephone dia- 
phragm is loose it will chatter and the signal will vary in in- 
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tensity. Telephone trouble is usually easily detected and the 
remedy is obvious. Defective telephones will reduce the overall 
efficiency of a receiving set by a surprisingly great amount. 


(B) AMPLIFIERS, 


PART 1.—GENERAL, 


31-525. (1) The aniplifier is an instrument used for increasing 
the strength of signal, and invariably employs vacuum tubes, the 
number of tubes depending upon the degree of amplification 
required. An amplifier will render audible some signais which 
would be inaudible without its use and will make incoming sig- 
nals readable which otherwise would be completely missed, Under 
favorable atinospherie conditions and with moderate freedom 
from interference from other transmitting stations and induction 
from neighboring power and lighting circuits, use of the amplifier 
is most advantageous. On the other hand, if receiving conditions 
are nut favorable, no great gain results from the use of the ampii- 
fier: in other words, the ratio of signal to static remains approxi- 
mately the same; and when this ratio, without amplification, is 
not enough to permit reception it is still too low with sunplifica- 
tion; and resort to especially selective circuits should be made, 

(2) From a military viewpoint the amplifier is of extreme im- 
portance in that it permits the use of a collector of very small 
dimensions. This collector may be a single wire of short length 
stretched between any two available points, or it may be a simall 
loop. The signal received on such a collector from a given trans- 
mitting station will be equal to or even greater in intensity than 
that received on the usual type of receiver using only a detector 
even With a large and high antenna as the collector, 

81-526. There are two general classes of amplifiers, namely: 

(1) Audio-frequency. 
(2) Radio-audio-frequency. 

Every amplifier is a complete unit. The two classes of ampli- 
fiers are quite different and their characteristics are outlined in 
the following articles: 


PART 2,—THE AUDIO-FREQUENCY AMPLIFIER, 


31-527. (1) The audio-frequency amplifier is, as its name im- 
Plies, an instrument for increasing the amplitude of the audio- 
frequency pulses and may be considered as a telephone amplifier 
(highly sensitive telephone). This type of amplifier can be used 
on any wave Jength for spark, ICW, radio-telephone and hetero- 
dyned CW signals. The audio-frequency aiplifier is not 2 de- 
tector, but will amplify the current passed on to it from the 
detector. The detector may be either the well-known erystal type 
or g vacuum tube. (The vacuum tube is now in general use as 
a detector.) 

(2) The output of the detector (telephone terminals on re- 
ceiver) passes through the primary winding of a step-up trans- 
former in the amplifier, the secondary terminals of which are con- 
nected to the filament and grid of the first tube of the amplifier. 
The direct current pulses from the detector, passing through the 
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primary winding of the transformer, induce voltage variations in 
the secondary winding. These voltage variations are impressed 
between the grid and filament of the first tube, and produce corre- 
sponding current variations in the plate circuit of the first tube. 
These current variations are many times greater than those in 
the plate circuit of the detector tube. There is included in the 
plate circuit of the first tube the primary of another step-tp 
transformer. 

(8) The amplified variations of current passing through the Sceend atage 
primary of the second transformer induce voltages in the second- of amplification, 
ary of the second transformer, which voltage similarly is im- 
pressed in the grid circuit (filament-grid) of the second tube. 
The amplified variations in current in the plate circuit of the 
second tube pass through a pair of telephone receivers and a 
much louder signal is heard than when the telephones are plugged 
in either the detector circuit or after one stage (step) of amplifi- 
cation. The average two-step audio-frequency amplifier will 
amplify the signal passed on to it by the detector about four 
hundredfold (amplification per stage equals 20), 

(4) The vacuum tube detector is not a part of the amplifier, 
but is either included in the receiving set or is a separate unit, 
Connections are made between the telephone terminals of the 
detector and the input terminais of the amplifier. 


31-528, (1) The following audio-frequency amplifiers are now’ Types of audlo« 
in use: frequency ame 


pilflers, 
Type No. | Type. | ieee : Use. 

SE 1000..... ...--| Tuned, sircore, transformer... 2. General equipment. 

SE 1000A seas GOs i ccs cements case : 25 Do. 

SE 1000B wl...--d0-. 2) Do. 

SE 1000F .| Iron core trar " 2 Do. 

SE 1539_. Ne asanche WO ie ssc iene 3) Model RA equipment. 

SE 1600.. -do.. as 2. General equipment. 

SE 1600A.-...... 00... DO aegis Sititerd eer chia Bebosians ed za Do. 


(2) The three-stage audio-frequency amplifier is, in general, of saan tee 

little use because it is extremely sensitive to induction and vibra- amplifier. 

tion (only the first two stages are used in practice). The SE 

1440 radiocompass receiver includes the detector and a three-stage 

audio-frequency amplifier, This and the SE 1599 amplifier are 

the only three-stage audio-frequency amplifiers used in the serv- 

ice. The following remarks on the SE 1600 A amplifier also 

apply te the three-stage type of aud 
81-529. (1) A schematic diagram of the two-step audio-fre- Description. 

quency amplifier is shown in figure 31-25. The complete ampli- 

fier is a unit by itself in the receiving system and is equipped 

with three sets of terminals, two terminals to a set. The input 

terminals connect the amplifier to the receiver, while the filament 

battery and plate battery terminals are used for connecting the 

filament and plate circuit batteries to the apparatus. The fila- 

ment current for each tube can be adjusted to the proper value 

by means of a rheostat. The grid voltage is adjusted to the 

proper value by means of a grid bias resistance of one ohm. 

Ejther the SE 1444 or CW 933 vacuum tube can be used for either 


lovfrequeney amplifier, 
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or both stages. Frequently the SE 1444 tube is used for the first 
stage and the CW 933 for the second stage, with very good results, 

(2) Three telephone jacks are supplied, namely, 

(a) Detector. 
(bv) First step. 
(c) Second step. 

When the telephones are plugged to the detector jack, the ampli- 
fier is cut out of circuit and the telephones are in the detector 
circuit of the receiver. When the telephones are plugged to the 
“step one” jack, the detector and the first stage of the amplifier 
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Fic. 31-25.—Schematic diagram of two-step audio-frequency amplifier. 


can be used, while the second step remains open. When the tele- 
phones are plugged to the “step two” jack, the first step jack 
short-circuits itself and the detector and the entire amplifier are 
in circuit. 

81-580. (1) The audio-frequency amplifier is very easy to 
operate. The filaments of the tubes should be burned at normal 
brilliancy. The degree of amplification can be decreased by re- 
ducing the brilliancy of the filament of either or both tubes, and 
can be increased somewhat by burning the filament above normal 
brilliancy, but the gain in amplification is so slight and the life 
of the tube so rapidly reduced that this should never be done. 
The current for the filaments may be supplied by either the Edison 
“A” battery or by any six-volt lead-acid battery. The voltage 
for the plate circuits should be about forty volts, and for this 
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purpose two SE 3535 batteries in series, or one Edison “B” 
battery is required. If the plate voltage is increased to approxi- 
mately sixty volts, the degree of amplification is increased, but the 
amplifier is more likely to “ howl.” 

(2) The filaments of both tubes must be lighted whenever two 
stages of amplification are used, but when only the first step is 
employed it is not necessary to keep the second tube lighted. 
When the telephones are plugged in the detector jack, the amplifier 
is then entirely cut out of circuit, and the filaments of the ampli- 
fier tubes should not be left lighted except for stand-by purposes. 

31-531. (1) Very little trouble is experienced with audio- 
frequency amplifiers, but failure to obtain the proper degree of 
amplification may be due to poor tubes or too low plate voltage. 
Tubes should be selected for amplifier work, remembering that 
a noisy tube in the first stage will cause an extremely noisy 
amplifier when the second stage is also used. 

(2) Howling is generally caused by an open circuit in the input 
of the first stage. The open circuit may be a broken connection 
from the receiver to the input terminals or a break in the pri- 
mary winding of the input transformer. 

(3) Failure to obtain proper amount of amplification may be 
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due to defective tubes or run down plate or filament battery, © 


The type SE 1444 vacuum tube is erratic in its behavior and new 
tubes should be tried in the amplifier until a satisfactory set has 
been selected. 
(4) Failure of the amplificr to operate can be due to several 
causes, among which are: 
(a) Defective tubes. 
(bv) Exhausted batteries. 
(ce) Open circuit in any stage. 
(d) Short circuit in any stage. 
(e) Telephones plugged to a stage the filament of the 
vacuum tube of which is not lighted. 
The remedies are obvious. 
(5) A defective transformer (open-circuit) can be detected by 
means of a Wheatstone bridge. The defective transformer should 
be replaced. : 


PART 3.—THE RADIO-AUDIO-FREQUENCY AMPLIFIER. 


31-532. The radio-audio-frequency amplifier permits a very 
much higher degree of amplification to be obtained than is possible 
with the audio-frequency amplifier alone. Its development has 
made possible the use of extremely small collectors such as the 
short single wire antenna and the radio compass coil without any 
sacrifice being made in the intensity of the received signal. The 
maximum amplification that can be obtained with the radio- 
audio-frequency amplifier is, in reality, so great that it is not 
suitable for use on an antenna of the ordinary size. This is 
caused mainly by the fact that the large antenna collects so 
much static that the action of the amplifier is paralyzed. In the 
practical application of this type of amplifier, the apparatus is 
so designed and constructed that the usual antenna can be satis- 
factorily used as the collector. 
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CHAPTER 31, 


81-533, (1) The addition of radio-frequency stages to the audio- 
frequency amplifier is very advantageous. Such an amplifier is 
less noisy because noises due to the tubes and induction from 
neighboring circuits are not amplified by the radio-frequency 
stages in the same proportion as the signal. In heterodyne recep- 
tion of continuous wave signals a decided advantage is gained 
on all wave lengths. There is always a large amplification ob- 
tained on all wave lengths in the reception of spark signals with 
straight detection; in fact the more radio-frequency stages used 
for spark reception the better will be the results. 

(2) The detector follows the square law, consequently the 
greater the emf applied to the detector the more efficient it 
becomes. For this reason it is advisable to amplify before detec- 
tion. An amplification of 10 times before detection will give 100 
times the response in the telephones. For the same reason a 
radio-frequency amplification of only 5 times is equal to an audio- 
frequency amplification of 25 times. 

(3) The square law action of the detector is shown more 
clearly by the following: 

(4) Suppose a transmitting station is transmitting with 10 
amperes in the antenna and that the signal received (detector 
only) at a given receiving station has an audibility of 10. Now 
if the current in the transmitting antenna is reduced to one-tenth 
of its former value—1 ampere—the audibility of the received sig- 
nal will be reduced to one one-hundredth of its former value— 
one-tenth of unit audibility, If two stages of audio-frequency 
amplification are added to the detector and if each stage ampli- 
fies 20 times (total amplification—20 x 20=400) then the result- 
ing audibility would be 40 and the signal would be heard. On 
the other hand if two stages of radio-frequency amplification pre- 
ceded the detector and each stage amplified five times the total 
amplification would be 25 and the audibility of the received sig- 
nal would be 62.5 after detection, and 10,000+ if two stages 
of audio-frequency amplification are used in addition. 

(5) The square law of response results in strong signals being 
very strong and weak signals very weak, In the case of atmos- 
pheric disturbances with their strong momentary peaks of inten- 
sity, this frequently results in the drowning out of the somewhat 
weaker signal. On the other hand, when either the autodyne or 
heterodyne method of reception is employed the current in the 
telephones is proportional to the current in the antenna. Hence, 
the response is greater for very weak signals than for loud. Thus, 
a decided and more favorable ratio of signal to static strength is 
cbtained by the use of the latter method of reception, which, when 
employed with CW transmission, will result in readable signals 
with only one-half to one-fourth the current in the transmitting 
antenna necessary for the same signal intensity with ICW trans- 
mission and straight detection. 

81-534. (1) The radio-frequency amplifier amplifies the voltage 
variations impressed into the grid circuit from the secondary cir- 
cuit of the receiver. The voltage across the secondary circuit con- 
denser is applied between the grid and filament of the first tube. 
This alternating voltage varies at a radio frequency. These volt- 
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age variations produce corresponding current variations in the 
plate circuit of the first tube. Most of the voltage amplification 
takes place in the tube and some in the transformer used he- 
tween the successive stages. The primary winding of a 1 to 3 
ratio transformer is included in the plate circuit of the first 
tube. The variations in the current passing through the primary 
winding of the transformer induce a varying voltage in the sec- 
ondary winding. These variations in voltage are impressed in 
the grid circuit of the second tube, causing amplified current 
variations in the plate circuit of this tube. 

(2) The same process is repeated for each stage of radio-fre- 
quency amplification. The amplified current variations in the 
plate circuit of the last tube are impressed on the grid circuit 
of the detector tube. From this point on the action is the same 
as described in B (1) and C of this section. 
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Fic. 31-26.—Type SE 1617A radio-audio-frequency amplifier. ; 


31-535. There are at present five types of radio-audio-frequency 

amplifiers. They are: Types of radio- 

audio - frequency 
ear > = amplifters. 
Type No. Wavelengthrange| Use. 

SEA405B sjicswoseceentes Sed eens eas Aircraft, 

SE 1605B. | 0. 

SE 1615... | Ship and shore station. 

SE 1617A. : 1 Do. 

SH18055) 22 oxttsieiee le asd ecieied alesis cia’ ' Aircraft. 


ciple and employ the type SE 1444 vacuum tube. The later 
models have no filament control, but use the type SE 1719 ballast 
lamp to maintain the filament temperature constant. <A descrip- 
tion of the type SF 1617A amplifier follows: 
31-586. (1) The type SE 1617A radio-audio-frequency ampli- 
fier, which includes 3 radio-frequency stages, 1 detector, and 2 r 
Description of 
audio-frequeney stages of amplification, is contained in a spe- SE 1617A ampli- 
cially shielded box. Figure 31-26 is a simplified drawing of °° 
this amplifier, 


31-130 


Shielding. 


Controls. 


Transformers. 


Telephone 
cords. 


Stabilizer. 


Connections of 
type SE 16174 
amplifier. 


Vacuum tubes. 


CHAPTER 31, 


(2) The shielding is made of sheet copper and divides the box 
into 6 double compartments. The lower compartment contains 
the transformer for one stage. The upper compartment contains 
the tube socket, vacuum tube, ballast lamp socket, and ballast 
lamp. The vacuum tube is mounted on a flexible support. By 
this construction each stage of the amplifier is thoroughly 
shielded from the others. 

(3) The front panel has only three knobs for the control of 
the amplifier action. These are: The two knobs for the stabilizer 
which are mounted concentrically and the filament circuit switch. 
In addition, there are four sets of terminals for making the 
necessary receiver, battery, and telephone connections, and a tele- 
phone cord shield clamp. 

(4) The shield of the amplifier is connected to the --+ filament 
battery terminal and therefore has a potential of approximately 
6 volts, 

(5) The radio-frequency transformers, type SE 1715, have a 
1 to 8 ratio. 

(6) The telephone cords are of the shielded type and are used 
to prevent the capacity of the operator’s body from disturbing 
the action of the amplifier. 

(7) The stabilizer consists of a fixed resistance. connected 
between the + filament battery and the input terminal marked 
“¥Fil,” and two sliding contacts for varying the grid voltage of 
the second and third tubes. This places the fixed resistance 
across the terminals of the filament. Two sliding contacts make 
the connection to the stabilizer resistance as follows—one to the 
secondary winding of the first radio-frequency transformer and 
the other to the secondary winding of the second radio-frequency 
transformer. The purpose of the stabilizer is to prevent local 
oscillations in the amplifier and incidentally to control the degree 
of amplification. 

81-5387, (1) The type SE 1617A radio-audio-frequeney amplifier 
should be connected directly across the terminals of the secondary 
circuit condenser of the receiver. No other apparatus is required 
except 2 radio-frequency driver when continuous wave signals are 
to be received. In this case the radio-frequency driver is placed 
between the receiver and the amplifier as shown in the front 
panel view of the Model RB receiving equipment, figure 31-43. 

(2) The type SH 1444 vacuum tube only can be used in this 
amplifier, One type SE 1719 ballast lamp is required for each 
tube. .No control of the filament temperature is possible. The 
degree of amplification can be varied within fairly wide limits 
by the proper use of the stabilizer, maximum signal being re- 
ceived with the stabilizer knobs turned to the right as far as is 
possible without setting up local oscillations. A freshly charged 
battery having a high ampere-hour capacity should be used for 
the filament circuit supply. If, as is generally the case, a radio- 
frequency driver is used with the amplifier the same filament and 
plate batteries can be used for both. 

(8) This amplifier should not oscillate and spark signals should 
therefore be received with their distinctive note unless the radio- 
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frequency driver is being used, in which case the note will be 
roughened the same as in autodyne reception. 

(4) The folowing steps should be followed in the operation of 
the amplifier: 

(a) Make all connections to the external circuits as indicated 
by the terminals (connecting links are usually supplied for this 
purpose except for the battery connections). 

(D) The filament supply should be from a 6-volt storage bat- 
tery having a capacity of at least 80 ampere-hours. 

(c) Use 8-SE 3535A dry batteries in series or one CU 887 or 
CU 1707 storage battery for the plate supply (60 volts). 

(qd) Turn filament knob from the “Off” to “On” position. 

The filaments of all the tubes should light. 

(ec) When receiving CW signals the radio-frequency driver 
should be set at approximately the wave length to be received. A 
signal should then be heard in the telephone. 

(f) Adjust the stabilizer by both knobs to give best signal, 

31-588. (1) A certain amount of noise will be heard in the tele- Faults and 
phones when the amplifier is used and, if the noise is not enough remedies, 
to mask the signal, receiving can be done. On the other hand a 
neisy amplifier may be quieted by a careful selection of tubes 
and a preper adjustment of the stabilizer. Tube noises are most 
noticeahle in the first audie-frequency stage. A noisy tube in the 
first audio-frequency stage will cause a very noisy amplifier be- 
cause the noises will be amplified by the second audio-frequency 
stage, 

(2) Failure to receive signals may be due to exhausted bat- Failure to re- 
terics, improper setting of the stabilizer, a burned-out filament celve signals. 
or an open circuit in any part of the amplifier. The ballast lamps 
very rarely burn out. It should be remembered that the detector 
is in the amplifier and that it will be necessary to tune the receiver 
circuits in the usual manner. The use of the radio-frequency 
driver adds a slight eomplication in that, when searching for 
Signals, three circuits require adjustment. For this reason it is 
very necessary that the radio-frequency driver be set to approxi- 
mately the same wave length as that of the receiver, us otherwise 
no signal will be heard. This may cause an apparent failure of 
the amplifier. 

(83) Do not use any more amplification than is required, espe- Degree of am- 
cially when there is considerable static. The telephones may be Byileation to em- 
wern forward of the ears for loud signals. This deadens the _ 
effect of the static and at the same time allews the signal to be 
read, 

(C) Vactuss Trae Detectors, 
PART 1.—GRNERAL, 


31-550, The vacuum tube detector unit is designed to function Purpose. 
as a detecting system for standard Navy radio receivers. The 
unit contains the following controls: 
(1) Filament rheostat. 
(2) Filament ammeter. 
(3) Grid condenser, 
(4) Grid leak. 
(5) Bridging condenser, 
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and filter system with voltage divider for use when the plate yolt- 
age supply is obtained from the ship’s circuit. Also two change- 
over switches are supplied, one for changing the plate voltage sup- 
ply from storage battery to the ship’s circuit and the other for 
shorting out and cutting in the back coupler. Binding posts ure 
provided for making the necessary connections from the vacuuimn- 
tube control box to the receiver, filament and plate storage bat- 
teries, ship’s mains and telephones. 

Tse. 81-551. The vacuum-tube control box is to be used whenever a 
yacuuin tube detector is required and when the receiving set is 
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Fig. 81-27.—Vacuum-tube detector, type SE 1071. 


not already equipped with a vacuum tube detector, and also when 
a radio-audio-frequency aimplifier is not in use. Only one type 
of vacuum tube control box is now supplied to the service. This 
unit is type Sk 1071. The diagram (fig. 31-27) shows the wiring 
of this apparatus. 

PART 2.-——DESCRIPTION. 


wee tube 81-552. The vacuum tube is supported from the panel on a 
. shock-proof stand, Wither the type SE 1444 or the type CW 933 
vacuum tube can be used, 
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‘31-553. The filament ammeter is a small flush-type instrument. | 
The zero mark is displaced from the extreme left-hand position 
for the purpose of giving a positive indication whether or not the 
filament battery is connected to the unit with the right polarity, 

31-554. The filament rheostat is constructed in such a way that 
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the filament circuit is opened in the “oft” position, and in the 


same position opens the plate battery circuit. 

31-555. Grid and bridging condensers are of the mica dielec- ts 
tric type and are yariable in steps. The grid condenser is short- 
circuited on step 5. 

31-556, The grid leak has a resistance of 600,000 ohms and is 
constant and also protected from moisture. 

31-557. The voltage divider consists of a graphite sector having |, 
a resistance of about $0,000 ohms connected across the 125-volt 
line. A sliding contact button connected to the plate of the 
vacuum) tube permits the voltage linpressed between plate and 
filament to be varied as needed only when ship’s power is being 
used, 

31-558, The filter system consists of a high impedance choke 
coil in each side of the line supply and a 1 uf. condenser con- 
nected across the line and another connected between the positive 
terminal of the plate battery and the sliding contact of the volt- 
age divider. 

31-559. The plate veltage switch changes the plate voltage sup- 
ply from storage battery to ship’s mains. When the plate voltage 
switch is thrown to “ storage battery “ the voltage divider is dis- 
connected from the plate circuit to prevent the storage battery 
from discharging continuously through the voltage divider. 


PART 3,—OPERATION, 


31-560. The vacuum tube detector control box permits straight 
detection (nonoscillating condition), regeneration, and oscilla- 
tion. The following steps give the operation of this unit: 

(1) Light filament of vacuum tube by turning the filament rheo- 
stat from the “off” position. Use 0.65 ampere for the type SE 
1444 and 1.1 amperes for the type CW 933 tube. The plate voltage 
should be approximately 40 volts for either tube. 

(2) Set the “ detect-oscillate” switch on “ Detect” for the non- 
oscillating condition Qvhen receiving spark signals with their °° 
distinctive notes). 

(8) Set the grid and bridging condenser switches on step 3. 

(4) Throw plate voltage switch to the proper position—to ‘125 
V. Gen..” if it is desired to use the ship’s supply, or to “ Storage 
But.” When the plate voltage switch is thrown to the “125 Vv, 
Gen.” side the voltage impressed between the plate and filament 
can be varied, but when the switch is in the “ Storage bat.” 
position the potentiometer is out of circuit and no voltage vari- 
ation cat be obtained, 

(5) Tune receiver to incoming signal. Vary grid and bridging 
condensers and plate voltage (when using the 125-volt supply) 
until signal of maximum intensity is obtained. 

31-561. For regenerative reception proceed in the following 
manner ; 
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Set the * detect-oscillate ” switch on “oscillate,” and increase 
the back coupling in the receiver to the point just before oscilla- 
tions begin (the distinctive note of a spark transmitter is rough- 
ened when the vacuum tube is oscillating while with regenera- 
tion the intensity of the signal is increased without any change in 
the spark note). 
ete re- 31-562, Continuous wave reception requires that the secondary 
cireuig oscillate. Oscillations can be obtained in the following 
manner : 

Set “detect-oscillate” switch on “oscillate” and vary back 
coupling until oscillations are present (the presence of oscilla- 
tions may be detected by tapping the RA terminal with the finger; 
a click should be heard when this terminal is touched, Also 
when the tube is oscillating a whistling sound will be heard when 
the secondary circuit passes through resonance with the antenna 
circuit. 

Adjustment of 31-563. The back coupling in the receiver should be set in the 
DAR ACOUDIOS minimum coupling position when the “ detector-oscillate ” switch 
is in the “detect ” position because the back coupler is then shorted 
and, untess loosely coupled, will cause an increase in the resistance 
of the secondary circuit, thereby reducing the intensity of the 
received signals. 
Audio-frequen- 31-564. Audio-frequency amplification can be used in connection 
oy Amp lacallon: with the type SE 1071 unit. For this purpose connect the input 
of the amplifier to telephone terminais of the type SE 1071 unit. 
Do not attempt to use ship’s voltage for the plate supply when 
the audio-frequency amplifier is being used. This is because the 
filter system is not perfect and the commutator ripples are ampli- 
fied to such an extent that the signal will be masked. 


PART 4.--FAULTS AND REMEDIES. 


Failure to os: 31-565. Failure to obtain oscillations may be due to: 
elllate, (1) Reversed back coupling, 
(2) Insufficient plate voltage, 
(8) Insufficient filament current, 
(4) Improperly adjusted grid and bridging condensers, 
(5) Defective vacuum tube. 
con amen eure 91-566. The filament current should be kept at the normal 
value for the tube in use. When it is necessary to cut out all 
resistance in the filament rheostat the rheostat should be thrown 
to the “off” position and a new battery placed in service. 


\ (D) Rapro-FREQUENCY DRIVERS. 
7 4 


PART 1.—-GENERAL, 


Purpose. 31-575, The radio-frequency driver or heterodyne is a low-power 
generator of continuous waves (sustained oscillations). Its pur- 
pose is to supply local oscillations for modulating incoming con- 
tinuous wave signals and thereby rendering them audible by 
means of the well-known “beat princinie.’ This instrument is 
necessary when receiving continuous wave signals except when 
the detector is used in the uscillating condition (autodyne re- 
ception), 
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31-576, The radio-frequency drivers were developed primarily 
for use with the radio-audio-frequency amplitiers in which the 
cetecter tube is used in a nonoscillating condition, but can he 
used with any vacutm tube receiving equipment in place of 
autodyne reception. 

31-577. The advantages of using the radio-frequency driver in- 
stead of a vyacuum-tube detector in the oscillating condition are: 

(1) Gives more freedom from interference because detuning 
Wf secondary circuit is not necessary. 

(2) Permits a very flexible adjustment of the strength of the 
local oscillations, 

i (3) Makes possible the practical use of radio-frequency amplifi- 

\ cation for continuous wave reception. 

\ (4) Reduces the transmitter effect of an oscillating receiver, 

,therehy permitting simultaneous reception by several receiving 
equipments in close proximity. 

31-578. Its main disadvantages are: 

(1) Requires the tuning of an additional circuit, thereby com- 
plicating pick-up work. 

(2) Makes determination of resonance between primary and 


“.secondary circuits somewhat more difficult. 


PART 2.—THEORY. 


$1-579. The incoming continuous waves occur at a racdio- 
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frequency rate and are, therefore, inaudible even after detection, tton. 


Because the average plate current is changed only at the begin- 
ning and end of the dots and dashes. If, however, local radio- 
frequency oscillations differing by a small amount from the fre- 
quency of those being received are impressed on the detector circuit 
the two sets of radio-frequency oscillations will, on account of 
their difference in frequency, swing periodically in and out of 
phase. The amplitude of the resulting frequency at any given 
instant will be the sum (algebraic) of the amplitudes of the two 
radio frequencies. As a consequence, a slow audio-frequency 
oscillation will result which can be heard in the telephones, The 
resultant audio-frequency can be adjusted at will from a few 
heats to many thousands per second, the normal beat. frequency 

employed being in the neighborhood of 1,600, a 
31-580. The note will be clear and steady as long as the fre 
quency of both the incoming signal and the radio-frequency driver 
remain constunt. Warbling and bubbling in the signal note is due 
wom id¢daw 


i + man AN aw rf tlia ty 3 
erdinarily to a rapid change in the frequency of the transmitter 


(frequently the case with the arc on very short wave lengths, and 
with the vacuum tube transmitter due to swinging of the antenna 
or changing capacity effects). A slow and gradual change in the 
received note is obtained when receiving signals transmitted by 
a high-frequency alternator having poor speed control and also 
when the filament or plate battery of the radio-frequency driver 
is running down, 


Causes of yary- 
ing beat neie. 
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Types. 31-581. Three radio-frequency drivers are now in service use. 
They are as follows: 


Type No. Wave lengthrange. 
SE 1602 2.0.02... cece ee ee ete ener ener e ete t atten ee 1 1,500 to 8,000. 
SE 1603.... .-.| 6,000 to 30,000. 
SE 1697B 022... o cece eee eee eee ene etna tenes ' 6,000 to 18,000. 


These radio-frequency drivers operate on the same principle 
and are similar in construction with the exception that the first 
two do not have a grid condenser and grid leak. The following de- 
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Fic, 81-28.—R. F. Driver, type SE 1697R. 


scription of the type SE 1G697B radio-frequency driver applies to 
the other two drivers: 


PART 3.~—DESCRIPTION, 


The type SE 31-582, The driver is of the tuned grid type with inductive 
ian radio-fre- (magnetic) back coupling and its circuit is practicaliy the same as 
the secondary of the SE 1420 receiver. Figure 31-28 shows a 
wiring diagram of the driver. 
Capacity. 31-583. The condenser is of the continuously variable type 
with a maximum capacity of 0.0025 pf. 
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31-584. (1) The inductance in the grid circuit ig fixed and Inductance. 
wound with extremely fine wire, 
(2) The plate coil is also fixed, both as to number of turns 
and coupling with the grid coil. 
31-585. The coupling coil consists of six turns of wire and Coupling coll. 
its position can be varied with respect to the grid coil, thereby 
varying the strength of the local oscillations impressed on the 
detector of the amplifier. The adjustment of the coupling can 
be varied by turning a knob on the front panel of the driver. 
The coupling coil is in series with the lead from ohe terminal of 
the secondary circuit condenser to the filament of the first radio- 
frequency amplifier tube (negative terminaly. 
31-586, The vacuum tube used in this driver is the type SE 1444 Yacaam tube, 
requiring 6 volts for the filament circuit and 22 or 44 yolts for 
the plate supply. Only the type SE 1444 vacuum tube should be 
used in the radio-frequency driver. 
31-587. The ballast lamp, type SE 1719, limits the current Ballast lamp. 
through the filament of the vacuum tube, not allowing the current 
to rise above 0.65 ampere. 
The grid condenser has a capacity of 0.008 ef. 


31-588, This resistance has a value of 0.1 megohm. Grid leak, 
31-589. The wave-length range is 6,000 to 18,000 meters. ie ¥ e-lengih 


PART 4.—OPHRATION, 


81-590. The connections to the radio-frequency driver should Connections, 
agree with the markings on the terminals of the driver. 

31-591. Fully charged batteries should be used for both the Filament and 
filament and plate circuit supply. Either the lead-acid or Edison? *!* supply. 
type of battery can be used for lighting the filament. The current 
supply for the plate circuit can be obtained from the type CU 88T 
or CU 1707 (Edison “B” battery), or the type SE 3585A dry bat- 
tery. The plate voltage should be 22 to 44 volts, 

31-592. Set the driver to the wave length to be received, allow- Tuniag. 
ance being made for enough difference in wave length to produce 
beats of an audible frequency with the incoming signal. For 
example, when receiving on a wave length of 6,000 meters adjust 
the wave length of the driver to a value slightly higher or lower 
than 6,000 meters, Then adjust the coupling to give maximum 
received signal. 


~ 
PART 5.—-FAULTS AND REMEDIES. J 


31-593. The strength of oscillations in the driver can not be Maintenance of 
regulated because the coupling between the grid and plate?’ ations, 
circuits is fixed. On this account it will be necessary to keep the 
plate voltage up to the specified value. The filament current can 
not be controlled, but as long as the filament battery is well 
charged the ballast Jamp will maintain the filament at a constant 
temperature which is sufficient for oscillation purposes. However, 
when the voltage of the filament battery falls below the value 
required to maintain the filament current at approximately 0.65 
ampere, the ballast lamp no longer functions and the oscillations 
will decrease in strength as the voltage of the battery continues 
to drop and will finally stop. This condition is evidenced by a de- 
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erease in the signal response necessitating an increase in the 
coupling of the coupling coil to the grid coil of the driver. The 
remedy is to replace the run down battery. 
Strength ofos- 31-594. If it is met possible to vary the strength of the local 
citations. oscillations impressed on the detector of the amplifier by means 
of the coupling coil adjustment, other tubes should be tried in the 
driver because, unless the strength of the local oscillations can be 
varied, the incoming signals will net be received at maximum 
intensity. 


(FE) Specran Eq@vipmENT For INCREASING SELECTIVITY. 
(1) The eeceptor-rejector circuit. 


7 PARTY 1.--GENERAL. 


Purpose. 31-625. The acceptor-rejector circuit is used to increase the 
selectivity of the radio receiving equipment by means of radio- 
frequency tuning. The rejector part ef the equipment is a sepa- 
‘yate unit avd is used as an addition to the standard Navy receiv- 
ing equipment, the rejection of the interfering signals being 
effected in the antenna circuit. The acceptor part of the circuit 
ineludes the primary circuit of the receiver. 

Selection of 31-626. The selection obtained by the use of the acceptor- 

slgnals. rejector circuit is very pronounced, When the adjustments of the 
acceptor and rejector have been properly made, it will be noted 
that there is practically no decrease in the signal strength from 
that which would be received were the rejector not in circuit. In 
addition, it has been proved that the selection is not confined only 
to radio signals, but also includes static. By this is meant that 
static on wave lengths other than that of the signal desired is 
greatly reduced. The result of the selection just mentioned is 
that the readability of the signal is increased in proportion as the 
interference and the static are reduced, thereby making a fairly 
weak signal actually more readable than would be the case were 
the rejector not in circuit. 


PART 2.-—-THBORY. 


General. 31-627. (1) The action of the “acceptor and rejector” circuits 
is net hard to understand, nor is the apparatus complicated. 
Care in making adjustments is required and this, coupled with a 
grasp of the fundamentals given below and practice, are all that 
are required. 

(2) The ideal receiver would be one which would “ accept” and 
make use of all of the desired signal while at the same time 
“rejecting ’ or shunting to ground any and ali other interfering 
signals, Needless to say, like all other ideals, this one has not 
yet been achieved, but a considerable portion of interference can 
be eliminated. 

(3) To understand the action of the acceptor-rejector circuits 
it is necessary to review the characteristics of “series” and 
“narallel”’ oscillatery circuits. 
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31-628. Figure 31-29 shows a simple “series” circuit consist- 
ing of an inductance and a capacity in series. This is the same 
circuit that it is encountered in the antenna and secondary circuits 
of radio receivers. Such a circuit has the lowest impedance when 
it is tuned exactly to the wave length of the incoming signal or 


A 


INDUC TANCE. 


CAPACITY. 
5 


Fic, 31-29.—Simple series circuit. 


oscillations. Since the impedance is lowest at this point, it fol- 
lows that the oscillations in the circnit can rise to the highest 
value and thus give the greatest signal response. Detuning the 
circuit either way from this resonant point increases the imped- 
ance to the incoming wave and therefore causes a corresponding 
decrease in signal strength. This familiar condition is shown 
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Fig, 31-30.— Wavelength impedance curve for series circuit. 


graphically in figure 31-80 where the two curves show the changes 
in impedance of the circuit, figure 31-29, for two different incom- 
ing waves, one curve for 600 meters, the other for 952 meters. 
Therefore, @ series circuit composed of capacity and inductance 
has lowest impedance arvhen tuned exactly to the incoming sig- 
nals, This limpedance rises rapidly when the incoming signais 
are out of tune on either side of resonance, 
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31-629. (1) Figure 31-31 shows a circuit in which the in- 
ductance and capacity are in parallel with each other with re- 
spect to the points A~B, which are the points at which this parallel 
circuit is attached to the source of oscillations, such as any 
radio-frequency driver or an antenna and ground system. It 
should be clearly understood that the secondary circuit of a radio 
receiver is not a parallel circuit, because the oscillutory emf is ap- 
plied to the circuit by induction within the inductance and the 
current thus set up flows around through this inductance and 
capacity in series. The action is exactly the same as if the 
circuit were opened between points C and D and the oscillatory 
emf applied. It will be seen that this last-named condition 
would duplicate the conditions of the series circuit in figure 31-29. 
This explanation is made in order that the conclusions drawn be- 
low regarding the parallel circuit may not be confused with the 
secondary of a receiver. 


INDUC TANCE CAPACITY 


So 


Fic. 31-81.—Parallel cireuit. 


(2) In a true parallel circuit, the action as regards impedance 
offered to passage of an oscillating current between points A 
and B (fig. 31-31) is just the opposite of that in a series circuit. 
When the inductance and capacity are adjusted to exactly the 
same wave length as that of the incoming signal or oscillations a 
very high impedance is offered to the passage of these particular 
incoming oscillations between points A and B. This impedance 
falls off very rapidly for incoming signals of wave lengths only 
slightly higher or lower than that to which the parallel circuit 
is adjusted. In other words, if two sets of oscillations, say of 600 
meters and 952 meters, were simultaneously applied at points 
A and B and the parallel circuit tuned exactly to 600 meters. 
the 600-meter oscillations will have extreme difficulty in passing 
through, due to the high impedance, whereas the 952-meter oscil- 
lations will have very little impedance to overcome and therefore 
pass through readily, This is shown graphically in figure 31-382. 
Therefore, a parallel circuit has highest impedance when tuned 
exactly to the incoming signals. This impedance falls off rapidly 
when the incoming signals are out of tune on either side of 
resonance. 

81-630. (1) It is possible to combine two circuits of such op- 
posite impedance characteristics in a receiver in such a manner 
that all of the incoming signal desired will be passed through 
the receiver and used, whereas any other interfering signal of 


RADIO PLANTS, 


different wave length will be by-passed to ground and not heard 
in the telephones, This combination is shown in figures 31-33 and 
31-34. These figures are identical except for the location of points 
A and B. In practice these points are placed directly on the 
capacity of the parallel circuit, as shown in figure 31-33, for 
reasons which will be explained later, This is a very important 
point. In studying this figure it will be seen that, with two in- 
coming signals, 600 meters and 952 meters, the former being the 
one desired and the latter causing interference, it is possible to 
separate these two. The 952-meter signal will pass directly to 
ground because the parallel circuit offers low impedance to this 
wave length, whereas the series circuit offers high impedance, 
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SOO e652 
Fie, 31-32.-Wave-length impedance curve for parallel circuit. 


(2) The 600-meter signals can not pass directly to ground 
through the parallel circuit because of its high impedance to this °° 
wave length, but takes the path of low impedance, which is the 
series circuit, and also the primary of the receiver, By cou- 
pling to the secondary of the receiver these incoming 600-meter 
signals can be detected. 

31-631. (1) The theoretical or ideal conditions have been as- 
sumed in the foregoing discussion. In practice it is found that 
if the voltage between points A and B of figure 81-33 is very high, 
then a considerable portion of the 600-meter energy will pass 
directly to ground through the rejector, with a consequent re- 
duction in received signal strength. To relieve the strain on the 
rejector and stop this leakage to ground it is necessary to devise 
some means of keeping the difference of potential of the 600- 
meter oscillations between points A and B, figure 31-33, very low, 
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This can be done. A mechanical and electrical explanation of 
this action follows: 
Mechanical (2) Figure 31-35 shows a rope attached at one end to a wall 
analogy. or some other immovable object. By taking hold of the outer end 
of this rope it is possible to whip it back and forth and set it into 
oscillation as shown. When this is done, it will be found that 
there is at least one point (two are shown in the figure) where 
the rope has no motion, while the rope on either side of this point 
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Fics, 31-83 and 31-34.—Actual and diagrammatic acceptor-rejector 
circuits. 


(or points) moves rapidly back and forth. These quiet points 
in the rope are called nodal points, or points of no movement. 
If, while this rope is in motion, some one grasps it between 
his thumb and first finger, exactly at this noduwl point, no change 
in movement of the rope will result. The rope being stationary at 
this point, there will be no energy lost in trying to make his arm 
fclHlow the movement of the rope. If he should grasp the rope at 
any other point where it is moving to and fro, energy will be 
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taken from the rope in trying to make his hand follow the move- 


ments of the rope. 
(3) In exactly the same manner, if a circuit is electrically two, Rlegrical | se 
or more times as long as the incoming oscillations there will 
be one or more nodal points as shown graphically in figure 
381-386. At the top of this figure is an arbitrary scale of voltages 


representing the voltage to ground. This scale has no real sig- 


MECHANICAL ANALOGY 
CLAW 


ERS -—_ 


B52 m 


- 


ies, 31-35 and 31-386.—Mechanical analogy of nodal points of potential 
in rejector circuit. 
nificance and is only relative. According to this scale, the point 
© could be connected directly to ground without changing the 
shape of the upper part of the 600-meter curve. If, however, 
some form of voltage-measuring instrument were connected be- 
tween the circuit at a point corresponding to point Z, figure 31-36, 
and ground it would be found that there was a difference of 
potential of 50 volts between this point and ground. Similarly, 
with two oscillatory emfs flowing in the circuit, say 600 meters 
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and 952 meters, as shown, O, there would be zero volts potential 
to ground from point O for 600-meter oscillations and about 85 volts 
potential to ground for the 952-meter oscillations. At some point, 
X, along the circuit we would find a value of potential to ground 
for the 600-meter oscillations but zero potential to ground for the 
952-meter oscillations. In other words, point X is a nodal point 
for 952 meters but not for 600 meters. 
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Fics, 31-37 and 31-38,—-Single and double reception acceptor-rejector 
circuits, 


31-632. It would seem feasible, if these nodal points can be 


nodal point of obtained in a circuit. to utilize this method for getting the low 


potential, 


potential across the rejector, which low potential was pre- 
viously stated to be necessary to reduce the leakage of useful 
signal energy through the rejector to ground. This is exactly 
what is done, as shown in figure 31-37. The inductance L is 
adjusted so that with the resulting inductance and the capacity 
of the antenna this portion of the circuit is exactly in resonance 
with the incoming signals (600 meters in this case) with a nodal 
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point eractly at the terminal of the rejector at A. From a study 
of figures 31-35 and 31-36, it will be seen that this is just what 
is wanted. There will be practically zero volts drop in potential 
Straight across between points A and B yet the incoming signals 
will set up oscillations in the series circuit (accepter, primary of 
receiver) which is connected around these points and will, there- 
fore, be heard in the telephones when the secondary of the receiver 
is properly adjusted and coupled to this acceptor. The red- 
handled switch, shown in figure 31-37, is used to connect or 
disconnect the rejector circuit from ground without disconnecting 
the receiver, 


31-633. (1) Figure 81-88 shows the skeleton circuits sell «Rouble “recep: 


when double reception on the same antenna is desired. This 
double reception feature is merely a further use of these same 
principles, 

(2) In attempting to receive two different wave lengths on the 
same antenna, it will readily be seen that it would be necessary 
to connect the second receiver to the circuit at a nodal point of 
the first or primary wave length. In figure 31-37, this is point A, 
This is not practical, though, because all the incoming energy 
of the desired second wave length would be drained directly to 
ground and not pass through the second receiver, as it has already 
been shown that the rejector offers a low impedance path to 
ground for all wave lengths other than that to which it is tuned, 
Some form of barrier must therefore be interposed between this 
point A on the first rejector and the tap-oft point for the second 
wave length which will afford free passage for the 600 meter 
oscillations but keep out most of the second (952 in.) wave length. 

(3) From a study of figures 31-29 and 31-80, it will be seen Principle. 
that a series circuit tuned to 600 meters and inserted in the circuit 
just above the 600-mcter rejector and below the tap-off point for 
the 952 meter receiver, will do this. There will then be fico 
nodal points for 600 meters A and A’ as shown in figure 31-88. 
The antenna circuit down to A’ is tuned to 660 meters. The 
antenna circuit down through A’ to point A’’ on the 952-meter 
rejector is tuned tu 952 meters, the additional inductance required 
being supplied by inductance L’. This has no effect on the 600 
meter tuning since A’ is a nodal point. Also since this additional 
inductance L’ tunes this circuit to 932 Ineters, we have a series 
circuit which is so far out of reasonance with the 600 meter 
oscillations that very little if any of the oscillations of this wave 
length go down this path to ground. 
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Ce. r-retac “fl 7 Types 
31-634. The theory of the acceptor-rejector circuit has heen equlpmbnt. 


reduced to practice in the following standard types of receiving 
equipment: 


Name. | Use. 


Model E 


Single and double reception. 
aes Single or double recepticn with model E. 
Model RR... | Single reception only. 


i 


of 
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Nereasary ap- 
paratus. 


Antenna = tun- 
ing inductance, 
type SE 8524. 


Antenna load- 
img coil. 


Tuned tele- 
phone. 


Bejector shunt. 


Rejector con- 
denser. 
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31-635. Figures 31-39, 31-40, and 31-41 show the coinplete re- 
ceiving apparatus for the model FE, F, and R equipments. The 
units composing the assemblies may be superseded from time to 
time but, in the main, the units shown in the figures are typical 
of the circuit and are required in order to fulfill the purposes of 
the equipment. For example, the receivers and amplifiers may be 
replaced by newer and niore efficient apparatus, but the elements 
of the circuit would not thereby be changed. Brief descriptions 
of the various units of apparatus which are a part of the Model 
©, F, and R equipments follow: 

31-636. This is a three-wnit variable inductance, each unit con- 
nected to a control switch located on the front of the panel. The 
switch on the right controls the large steps of inductance, the 
maximum being at contact T and is 6 millihenries; the switch on 
the left-hand side controls smaller steps, a maximum of 0.31 milli- 
henry being at tap t; the center switch eontrols still smaller 
steps, a maximum of 0.024 millihenry being at tap (20). This 
unit is for use either to load the antenna circuit in connection 
with the SE 8649 receiver or for tuning the antenna when the 
rejector is to be used. 

31-687. This loading coil is adjustable in six steps, the maxi- 
mum, 10 millihenries, being at tap 6. This coil is used when the 
SEE 3524 inductance is not large enough for proper tuning; in any 
case, the SE $524 coil is used for fine adjustment. 

31-688. (1) This unit contains a large audio-frequency induct- 
ance, a 0,.00254f variable air condenser, and a resistance unit. 
When the tuned telephone is being used the resistance is placed 
in series with the plate battery of the SE 1071 vacuum tube 
detector. 

(2) The large inductance, the variable condenser, and the ampli- 
fier input or the head telephones are all connected in series and 
shunted across the resistance and plate battery. The signals 
passing through the telephones are tuned by means of the variable 
air condenser. 

31-689, This unit consists of a 20 microhenry inductance and a 
switch. When the switch is closed the inductance is shunted 
directly across the rejector and the SE 1420 receiver primary. 
It should only be used during double reception, and is then used 
so that the rejector red switch may be opened without throwing 
the long wave receiver out of adjustment, 

31-640. This condenser is made up of nine mica units, numbered 
from 1 to 9, each having a disconnecting switch. The condenser 
units have the folowing approximate values: 


Switch. Microfarad. 
Ji ee eee +--+ -- -- = -- = --- = --- 0. 006 


v0 
1 to 8 all in parallel (switches closed) -------- --- 1.5 
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31-641. This inductance consists of two parts, a 12-inch ring yaciector in- 

and 5 microhenry inductance variable by 18 taps, the first giving tance. 
0.4 microhenry and the last 5 5 microhenries, the steps being prac- 
tically equal, This inductance is cut into circuit when the big 
black-handled switch D is open. The smallest tap of inductance 
is the one nearest this switch and is marked A on the inductance, 
The ring inductance is variable from 0.09 to 0.4 microhenry, maxi- 
mum inductance being obtained when the movable arm is at the 
open end of the ring. As the arm is moved around the ring the 
inductance caused by the ring varies practically proportionally 
tu the numbers engraved at the edge of the ring. 

31-642. This unit consists of a few turns of wire for conductive Buzzer coup- 
coupling of test buzzer to antenna; coupling may be varied by #88 coil. 
steps, 

31-643. This fitting is specially arranged for bringing three. ing Milne 
wires into the booth without destroying the shielding protection - 
and forms a ground terminal. 

31-644. This protective gap is arranged to pass destructive . mr otective 
currents to ground without injury to the receiving equipment. 

Gap should be adjusted to thickness of a piece of paper. 

31-645. This unit consists of a 5 mili ihenry coil of 47 ohms antenna leak 
resistance, It is arranged for shunting directly between the col. 
antenna and ground when a shunt is necessary for excessive 
Signals, strays, or induced currents, 

31-646. This unit consists of three inductances in series w hich y itenna | ton- 
may be varied in steps by three dial switches located on the type SE 8348,” 
panel, The switeh on the right, marked with large letters A to T, 
controls the largest steps of inductance and when on tap T cuts 
in approximately 2.9 millihenries, The switch on the left, marked 
a to t, controls smaller steps of inductance, tap t giving approxi- 
mately 0.16 millihenry. The center switch, marked 1 to 20, 
gives still smaller steps for fine adjustment, tap 20 giving 0.015 
millihenry. 

This unit is used when the rejector is in use, It provides a 
means for tuning that part of the complete antenna circuit which 
is above the rejector to the desired signal. 

31-647. This unit consists of a 15-step, 0.00065 ef per step, ing ne 

condenser in parallel with a 0.0022 uf variable air condenser. 
This unit is used in series with the SE 3548 inductance for tuning 
the antenna circuit above the rejector to the desired wave 
length. The ratio of inductance to capacity in the antenna 
circuit may be varied by means of these two units, resulting in 
a control of the stiffness of the antenna circuit. 

31-648. This relay is so arranged that, when the transmitting tect eer yee 
key is closed, there are two 2 uf condensers shunted directly 
across the telephones, a ground being made so that there is a eca- 
pacity of 2 wf between ground and each side of the telephones, 

This system reduces the note of the local transmitter to a pleasing 
intensity. 

31-649, This receiver is operative over wave lengths from 250 Medirm ware 
to 6,800 meters. It contains one detector tube (CW 933) and is Why ire 8 
adapted to damped (spark) or undamped (are) signals. Ad- 
justment for these types of reception is made by meang of the 
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back coupling adjusting knob located on the upper right-hand 
gide of the receiver panel. Best spark signals are obtained by 
starting with the back coupling adjustment at zero and approach- 
ing 180 until maximum signal is heard (regenerative). It may be 
necessary to retune the secondary condenser slightly after re- 
generation is obtained. 

& pret asia 31-650, This amplifier is of the air or iron core transformer type, 
There are three jacks located at the bottom of the amplifier. 
The telephone plug may be plugged into any one of these jacks. 
When in the one on the left the telephones are connected to the 
receiver tube and no amplification is obtained. The middle jack 
gives one step of amplification and the one on the right gives 
two steps of amplification, or an approximate increase in signal 
strength of 400 over the receiver alone. 


PART 4.—-OPERATION, 


Qeneral. 81-652. (1) The various steps of tuning the three acceptor- 
rejector equipments follow: These steps are given in the correct 
_ order and are clearly shown in order that they may be easily 
followed by the operator. Unless these instructions are care- 
fully followed and the various steps made in the proper Se- 
quence, it will not be possible to secure good results with the 
equipment. Therefore, the proper steps should be thoroughly 
learned before making the adjustments. 
Destroyer 1n- 31-653. The instructions for model R equipment given below 
stallations, will apply to the acceptor-rejector installation recently made on 
six destroyers of the Atlantic Flotilla. Future destroyer instal- 
lations will have the type SE 3548 inductance and the type SE 
3547 condenser combined in one box. 
Battleship 31-654. The equipments for battleships are designated models 
equipment. E, F, and R. They all operate on the same principle but differ 
in the number of receivers used on the same antenna. Model R 
equipment is arranged for single reception only. Model F equip- 
ment is the same as model R equipment except that it has extra 
features provided so that it can be used for double reception with 
one of the receivers in model E booth if desired, The model E 
equipment is really two receivers, one medium wave and one long 
wave, arranged so that both receivers can be used simultaneously 
on one antenna, or either one separately. 
Adjustment of 81-655. (1) Close switches on inductance type SE 3548 and con- 
acceptor-rejector denser type SH 3547. (See Fig. 21-39.) 
booths, (2) Open red switch A and white switch B on rejector. 

(3) Tune in the desired signal, on primary and secondary 
of type SE 1420 receiver, using loose coupling. Jfake this ad- 
justment particularly accurate. 

(4) Close receiver primary short-circuit switch B (white- 
handled switch mounted on side of rejector condenser); rotate 
back coupler knob on the SE 1420 receiver toward 180° until oscil- 
lations start. This is shown by clicks in the telephone when oscil- 
lation test button is pressed and released. 

(5) Rotate primary condenser of receiver until two clicks 
are heard in the phones. Leave primary condenser one-half way 
between these two clicks. 
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Nore.—If only one click, or no clicks at all, are heard, 
slowly rotate back coupler knob in upper left-hand corner 
of SE 1420 receiver until two clicks are heard when primary 
condenser is rotated. If these clicks are not obtained with 
back coupling near 0° (loose coupling), then rotate knob 
toward 180°. This strengthens the oscillations, 

(6) (a) Open receiver short-circuit switch B (white-handled 
switch) and switches on the SE 3548 inductance and the SE 3547 
capacity; then adjust these until maximum signal strength is ob- 
tained; next test the use of capacity near 90° and adjust the in- 
ductance by large steps. These are all on right-hand switch, 
small steps are on the left-hand switch, and single turns are on 
the center switch. 

(b) Experience and trial will show what the best values of 
inductance and capacities are for the various wave lengths. 
Conditions may arise under which either the capacity or induc- 
tance is best used alone. 

(7) Close the red-handled switch A on the rejector and adjust 
rejector for maximum signal. Start adjustment by closing the 
first three or four black-handled switches C on the rejector con- 
denser; open the large switch D of the rejector inductance and 
rotate the small inductance switch E from A toward K until sig- 
nal is heard; make fine adjustment with singie-ring inductance. 
If signal is not heard when K is reached, open the red-handled 
switch A and see if the signal is still coming in. If So, close the 
next black-handled condenser switch C and repeat the operation 
when adjustment is found. Opening or closing the red switch 
must not weaken nor strengthen the signal. If the signal can not 
be found or is weakened by this operation, the antenna induc- 
tance SE 3548, the capacity SE 3547, or the SE 1420 primary 
(left-hand knob of receiver) are out of adjustment. 

(8) Go back and start all over when this condition is found. 

(9) After the signal has been found by the above directions, 
the rejector is not yet set for its greatest selectivity. Greatest 
selectivity is found by moving the small switch toward A and 
closing more black-handled condenser Switches, retuning each 
time with the single-ring inductance. Greatest selectivity will 
be found when the big switch D is closed and the ring alone is 
used; to use less ring, close more black switches, A very slight 
decrease in signal strength may be expected on closing the red 
switch when the ring alone is being used, but the interfering 
signal should be reduced practically to zero. 

31-656. (1) The model E equipment is really two receivers, 
one long wave and one medium wave, designed primarily for 
using both receivers at once on the main antenna, double recep- 
tion. It is arranged, however, so that either receiver may be used 
alone on the main antenna or the long-wave receiver can 
be used for double reception with the medium-wave receiver of 
the model F equipment if the medium-wave receiver in model E 
booth goes bad. (See model F instructions.) Each method of re- 
ception is described separately, (See Fig. 31-40.) 

(2) To use medium-wave receiver alone without acceptor- 
rejector: 
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(a) Open upper switch double reception switch box SE 3514; 
throw lower switch to right. 

(b) Close short-circuiting switch boxes SE 3548, SE 3547, 
SE 3525. 

(c) Open red switch A and white switch B on rejector. 

(d) Open switch on SE 3526 shunt inductance. 

(ce) Tune receiver SE 1420 in same manner as any ordinary 
receiver not equipped with acceptor-rejector. 

(3) To use medium-wave receiver alone with acceptor-rejector : 

(a) Open upper switch double reception switch box SE 3514; 
throw lower switch to right. 

(v) Then proceed as directed under model F, using acceptor- 
rejector. : 

(4) To use long wave receiver alone: 

(a) Open upper switch double reception switch box SE 3514; 
throw lower switch to left. 

(») Put switch on antenna load coil SE 3542 on 0. 

(c) Close short-circuiting switches on SE 3524 and SE 3547. 

(d) Open red switch A and white switch B on long-wave 
rejector. 

(e) Use the SE 3649 receiver and SE 1071 vacuum tube de- 
tector as usual for ordinary long-wave reception. 

(f) If switch on SE 3551 is thrown to right, the tuned tele- 
phone SE 3522 is not in use. 

(g) The tuned telephone should be used in all cases where 
statie or other interference is bad. To use it, tune the incoming 
signal to the desired pitch or note by adjusting secondary con- 
denser of SE 3649 receiver; then throw switch on SE 8551 to left, 
and rotate variable condenser handle on SE 3552. Tune tele- 
phone until loudest signal is heard in head telephones. If 
the tuned telephone is operating properly, the signal strength 
will be retained, but the interfering signals or static will be 
decidedly reduced. The tuned telephone works best when a high- 
pitched signal is used. 

(5) To use double reception: 

(a) Open upper switch double reception switch box SE 3514; 
throw lower switch to right. 

(b) Close switches on SE 3548, SE 3547, and SE 3525. 

(c) Open red switch A and white switch B on medium-wave 
rejector. 

(d) Tune in desired signal, on primary and secondary of SE 
1420 receiver, using loose coupling. Make this adjustment par- 
ticularly accurate. 

(e) Clase receiver primary short-circuit switch B  (white- 
handled switch mounted on upper side of rejector condenser) ; 
rotate back coupler knob on SE 1420 receiver toward 180° until 
oscillations start. This condition is indicated by clicks in the tele- 
phone when oscillation test button is pressed and released. 

(f) Rotate primary condenser of SE 1420 receiver until two 
clicks are heard in phones. Leave primary condenser at point 
halfway between points where these clicks are heard. (See note 
in par. 5, article 31-655.) 
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(g) Open white switch B and switches on SE 3548 and SE 3547 
Qeaving switch on SE 3525 closed), and adjust inductance SE 3548 
and capacity SE 3547 until maximum signal is again heard; then 
test the use of capacity near 90° and readjust inductance. (See 
par. G (6), article 31-655.) 

(kh) Close red switch A on rejector and adjust rejector. (See 
par. 7, article 31-655.) 

(4) Start all over again if signals weaken when red switch A 
is clesed after rejector has been adjusted. 

(7) Leaving the rest of the apparatus eractly as adjusted 
above, open the switch on series acceptor box SE 3525 and adjust 
the inductance and capacity in this box until same signal strength 
is again obtained. Do not adjust any other part of the circuit 
while tuning this acceptor. 

(k) The long wave receiver is now ready to be connected in 
and adjusted. 

(2) Throw upper switch (previously open) on SE 3514 to left. 
If wave length of signal to be copied is greater than 3,000 meters, 
it will not be possible to use rejector on the long wave side. In 
this case adjust long wave receiver exactly as any ordinary long 
wave receiver. 

NoreE.—-It is possible to readjust the long wave receiver to 
different wave lengths without affecting the medium wave 
side, but it is not possible to make any adjustment of the 
medium wave receiver, the inductance SE 3548, condenser 
SE 8547, or acceptor SH 3525 withceut throwing set entirely 
out of adjustment. If this is done by mistake, start all over. 

(m) If the wave length to be received on the long wave re- 
ceiver is within the range of the rejector (that is, belore 38,000 
meters), proceed as follows after performing operations given up 
to par. 5(k) above: 

(7) Set switch on SE 3542 on 0, close switches on SE 3524 and 
SE 3547, and open red switch A and white B on long wave re- 
jector. 

(0) Adjust primary and secondary of SE 3649 receiver for 
maximum signal; then close white switch B and get resonance 
clicks exactly as described for medium wave receiver above. 
Open white switch B and switches on SE 3524 and SE 3547. 
Vary inductance SE 3524 and condenser SE 3547 unt maximum 
signal is again obtained. Close red switch A on rejector and 
adjust rejector, as previously explained, under medium wave 
receiver. 

(p) Remember that the tuned telephone, when used on long 
wave CW signals and properly adjusted, gives the same results 
as the rejector, which will only go up to 3,000 meters. 

(q) Whenever it is desired to open the red switch A on the 
medium wave rejector, the switch on the shunt inductance SE 3526 
should be closed first. This prevents serious weakening of the 
long wave signals and should not seriously affect the strength of 
the medium wave signals, 

(r) If the medium wave receiver must be retuned to a new 
wave length the above adjustments must be repeated. 
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Model F equip- 31-657. (1) This equipment is a duplicate of Model R equip- 
ae ment, except that it has in addition the following parts to provide 
for double reception with the long wave receiver in model E 
booth when for any reason the medium wave receiver in the 
Model “FE.” booth is not in use: 
1 SE 3590 single-booth double-reception switch. 
1 SE 8525 series acceptor. 
1 SE 8526 shunt inductance. 

(2) To use model F equipment alone without acceptor- 
rejector: 

(a) Open switch on SE 3590 and close switches on SE 3548, 
SE 8547, and SE 3525. (See Fig. 31-41.) 

(Bb) Open red switch A and white switch B on rejector and 
switch on SE 3526 shunt inductance. 

(c) Tune primary and secondary of SE 1420 receiver in same 
manner as any ordinary receiver not equipped with acceptor- 
rejector. 

(3) To use model F equipment alone with acceptor-rejector: 

(a) Open switch on SE 3590 and close switch on SE 3525 and 
then proceed exactly as described for model R. Do not open 
Sicitch on series acceptor SE 3525 unless using double reception 
with model E booth, as described below. 

(4) The method of double reception on main antenna using 
the medium wave receiver in model F with the long wave receiver 
in model F is provided to give a means for such double reception 
in case the medium wave receiver in model E booth is damaged 
or becomes inoperative. Before it can be used it is necessary to 
change the connections of the switches in the copper buses which 
connect models E and F booths and the antennas. The double 
bus switch in the center of this bus structure should be shifted 
so that the main antenna goes to the model F booth and the 
double reception lead from model F booth is connected to the 
antenna lead of the model E booth. The auxiliary antenna lead 
to model F booth should be disconnected. Trace out the con- 
nections. 

(5) To use model F equipment double reception with long 
wave receiver in model E booth: 

(a) Open upper switch box SE 3514 in model E booth; throw 
lower switch to left. 

(6) Throw switch on box SE 3590 in model F booth to left. 

(ce) Then proceed exactly as described under model E for 
double reception, except that the medium wave tuning will be 
done in model F booth and the Jong wave tuning in model E 
booth. 

PART 5.—FAULTS AND REMEDIES, 


Care of slilver- 31-658. The rejector part of the models E, F, and R equipments 
plaied surfaces. is rugged. It is designed and constructed with a large factor 
of safety as regards both the mechanical and electrical features. 

It should, therefore, develop no faults. All conductors are silver- 

plated for the purpose of decreasing the skin-effect of the radio- 

frequency currents and to reduce contact resistance. The silver- 

plating is not very heavy and, although all the apparatus should 
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be kept clean and bright, no bright work polish should ever be 
used on the silver-plated surfaces. There are two reasons for 
this, namely, it is practically impossible to remove all the bright 
work polish and the result is a gumming of the moving parts, 
with resultant friction and wear. The other reason is that the 
thickness of the silver plating is rapidly reduced by frequent 
polishing. 

81-659. It will be noticed that the knife switches on the con- 
denser type SE 3635, and on the inductance type SE 3634, are 
provided with additional contacts so that the resistance due to the 
pivot is eliminated. These switches are frequently operated and 
the revolving arm on the inductance is also frequently moved. 
It is essential, therefore, that all bearing surfaces be as free from 
friction as possible. All the contacts and metal surfaces should 
be wiped daily with a piece of cheesecloth previously dipped in 
some fine machine oil, such as typewriter or sewing machine oil. 
The thin film of oil which will adhere to the surface will reduce 
friction, improve the contact, and prevent oxidization. 

31-660. If the apparatus has been installed in accordance with 
standard plans, the only fault that can arise will then be due 
to a defective unit in the equipment. <A thorough knowledge of 
the operation of the equipment will aid greatly in determining 
where the fault is. 

81-661. It ig well to remember that the greatest selectivity is 
obtained by the use of the least amount of inductance in the 
rejector, in which case the greatest amount of capacity will be 
cut into the circuit. 

81-662. No additions nor alterations to the equipment should 
be made except with authority from the Bureau. 

31-663. The acceptor-rejector is rather new in the service 
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meager, If the theory, operation, and description of the equip- 
ment just given be thoroughly understood, it is thought that 
very little trouble will be experienced and that excellent results 
will be obtained, 


(2) The Model RB Receiving Equipment. 


PART 1,—GENERAL. 


31-675. The model RB receiving equipment has been developed 
primarily for shore radio station use and, consequently, has been 
given a wave length range of 6,000 to 30,000 meters. This equip- 
ment is, however, applicable to use on shipboard. 

31-676. The model RB receiving equipment is a combination of 


circuits and collectors giving exceptional selectivity both in waveceiving equip- 
> nC : ei hi neat. 


length and direction, The ‘ordinary receiver, stich as the type 
SE 1420, is not especially selective as to wave length and has 
no directional qualities. No two-circuit receiver can be as selec- 
tive as a three-circuit receiver. In addition, the vacuum tube 
detector (nonoscillating or oscillating) causes the secondary cir- 
cuit of the receiver to tune broadly. This effect is very noticeable 
with the vacuum tube detector in the nonoscillating condition 
when receiving continuous wave signals with heterodyne. Fur- 
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ther, the ordinary antenna circuit usually has a high resistance, 
thus decreasing sharpness of tuning in the ordinary receiver. 
Aids to selee 31-677. The model RB receiving equipment utilizes all the aids 
tinley. to selectivity in wave length and direction at present known to 
the radio art. These are as follows: 

(1) Directional Selectivity—(a) Advantage is taken of the 
directional characteristics of the radio compass coil. 

(0) The combination of an antenna of moderate size and a 
radio compass coil gives a “barrage” effect by eliminating recen- 
tion from one direction and doubling the strength of signals 
received from a direction opposite the null point. 

(2) Ware Length Selectivity.— (a) Considerable selectivity is 
gained by the use of low resistance circuits throughout the equip- 
ment. (This selectivity is appreciably greater than that of the 
type SE 1420 receiver). 

(0) A third circuit is interposed between the primary and sec- 
ondary circuits of the receiver. This circuit is called the “inter- 
mediate” circuit, and broad tuning of the secondary circuit is 
thereby eliminated, 

(ec) Reception of continuous waves is by the heterodyne 
method. (In this method detuning of the primary and “secondary 
circuits is obv iated, thereby increasing freedom from interference, 
and also obtaining maximum effect from incoming signals) 

(@) Further selectivity is gained by the use of radio-frequency 
amplificatian. 


PART 2—THEORY 


ten eer ‘3* 81-678. The model RB receiving equipment, as stated above, 

uses a double collector for receiving signals. This double col- 
lector consists of a fairly large loop (8 feet square, wound with 
48 turns of wire spaced eleven-sixteenths inch apart), and a sin- 
gle wire antenna having a length of about 200 feet and a height 
ef about 75 feet at the far end. The antenna itself is not direc- 
tional, that is, it will receive equally well signals coming from 
any direction. On the other hand, the loop will receive signals 
with maximum intensity only when the loop points toward or 
away from the station being received. In other words, the loop 
has two points of maximum reception situated 180° apart and 
two points ef minimum reception also situated 180° apart, the 
line connecting the latter being at right angles to the line join- 
ing the former, (in practice, the antenna circuit is coupled to 
the loop circuit through a suitable coupling arrangement, and 
the emf impressed on the loop circuit by the antenna is adjusted 
(by coupling and resistance) so as to be equal to that of the 
loop circuit. For this reason, the two emfs will add when the 
loop is pointed in one direction (toward the station to be re 
ceived) and the received signal will be double that which could 
he obtained on either the antenna or loop alone. For all other 
positions of the loop the two emfs are out of phase and the result 
is that the strength of the signal is reduced, finally becoming zero 
when the loop has been rotated through 180° in either direction 
from the position at which maximum signal was received. 
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831-679. The intermediate circuit couples to both the loop circuit 
and the secondary circuit of the receiver, thereby passing on to 
the secondary circuit the resultant emf of the antenna-loop com- 
bination. Most of the selection in wave length takes place in 
this intermediate circuit. 

31-680. fhe secondary circuit of the receiver is tuned to the 
wave length to be received and the emf induced in it through the 
intermediate circuit coupling is passed on to the input (filament- 
evid) of the radio-frequency amplifier, modulated by the radio- 
frequency driver, and amplified through three stages, then detected 
by the detector tube. The resultant audio-frequency pulses are 
then amplified by two steps of audio-frequency amplification, and 
the selected signal heard in the telephones. 


81-681. Static reduction is very. pronounced when the model “i 


RB receiving equipment is used. (Maximum reduction of static 
and maximum received signal are obtained when the direction 
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of static is diametrically opposite to that of the signal source) 


Under these conditions static would be received on the null point 
of the system and therefore no static would be heard, while in 
the case of the signal the action of both the antenna and loop 
would combine resulting in the doubling of the signal. This con- 
dition is, however, scldom met in practice but a very marked 
diminution in the strength of static and considerable increase in 
signal audibility will result even when the direction of static and 
signal sources are separated by as small an angle as 40°, 


PART 3.—DESCRIPTION. 


831-682. A simplified diagram of the model RB receiving equip- 
ment is shown in figure 31-42. The complete equipment consists 
of the following units: 

(1) Antenna. 

(2) Loop (8 feet square with 48 turns spaced eleven- 
sixteenths inch apart). 

(3) 1 barrage unit, type SE 1793. 

(4) 1 receiver, type SE 1530. 

(5) 1 radio-audio-frequency amplifier, type SIE 1617. 

(6) 1 radio-frequency driver, type SE 1608. 


31-683, The antenna should be a single wire approximately 200 
feet in length and from 50 to 100 feet in height. It may be 
stretched on a slant to some high point. 

31-684. The loop consists of 48 turns of No. 14 B. & 8. size extra 
flexible wire, double braid and rubber covered, spaced eleven- 
sixteenths inch between turns on a form 8 feet square and 40 
inches wide. The loop can be either fixed or rotatable. 

31-685. The barrage tuning unit, type SE 1793, includes a load- 
ing and coupling inductance, a resistance variable in steps and a 
capacity consisting of a continuous variable air dielectric con- 
denser plus three fixed condensers, that are cut in as necessary, 
for the antenna circuit. A switch is provided whereby the con- 
denser can be thrown in series or in parallel with the antenna. 
A reversing switch allows the phuse relation of the coupliag 
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between the antenna and loop circuits to be reversed. Binding 
posts are provided for the antenna and ground connections. 

31-686. The loop circiit includes a coupling coil for coupling 
to the antenna circuit, a coupling coil for coupling to the interme- 
diate circuit, and a capacity consisting of a continuously variable 
air dielectric condenser plus three fixed condensers which are 
cut in as necessary. 

31-687. A coupling coil is also provided in this unit for coupling 
to the loop circuit, and connections are made from this coil to 
the primary circuit of the long-wave receiver, type SE 1530. 

81-688. The long-wave receiver, type SE 1530, consists of the 
usual primary and secondary circuits found in all inductively 
coupled receivers except that the tuning is accomplished in each 
circuit by a continuously variable air dielectric condenser and 
three fixed condensers in conjunction with a fixed inductance, 
thereby making for low circuit resistance and high selectivity. 
The primary circuit is, however, a continuation of the inter- 
mediate circuit, the coupling coil of which to the loop circuit 
is in the “barrage tuning unit.” The intermediate circuit is 
tuned by means of a condenser in the long-wave receiver and 
coupling to the secondary circuit is effected as shown in the dia- 
gram. Two leads are taken from the secondary circuit tuning 
condenser to binding posts to which is connected the radio-fre- 
quency driver, type SE 1603. 

31-689. The radio-frequency driver, type SE 1603, follows the 
long wave receiver. This piece of apparatus is described in Sec- 
tion VI, D. 

81-690. The radio-audio-frequeney amplifier, type SE 1G17A is 
next. This amplifier is described in Section VI, B. 

81-691. The several pieces of apparatus are supplied with suit- 
able terminals for making the interconnections. Terminals of 
equal height are joined together by bus bars which are supplied 
with the equipment. 


PART 4.—OPERATION, 


81-692. (1) Ease of operation of the model RB receiving equip- 
ment was the aim in the design of the apparatus and, although 
there are several circuits to be tuned and adjusted for best recep- 
tion, the values of inductance and capacity are such that signals 
from the station to be received can be readily found. 

(2) Special operating features of the radio-frequency driver, 
type SE 1608, and the radio-audio-frequency amplifier, type SE 
1617A, have been given before, therefore only those features that 
have to do with the operation of the equipment as a whole will be 
given here, 

831-698. Figure 3143 shows a front view of the panels of the 
apparatus included in the model RB receiving equipment. The 
various adjusting knobs are clearly shown and named in the 
figure in order that the various steps in the operation of the 
equipment may be easily followed. The following procedure 
should be adhered to when operating this equipment: 

(1) Use loop for pick-up work (barrage reverse switch in 
center position), 
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(2) Make sure that all connections are correct and tight. 
Check battery connections for proper polarity. , 

(3) Turn filament switches of SE 1603 and SE 1617A to “on” 
position. 

(4) Set radio-frequency driver on approximately the wave length 
to be received. (The driver is calibrated in wave length to facili- 
tate setting of condenser.) Set condenser of driver slightly off 
wave length to be received in order that a beat note may be 
heard. 

(5) Set primary and secondary condensers of type SE 1539 
receiver to the wave length to be received (calibration is provided 
on condenser dials). 

(6) Set inductive coupling (intermediate-secondary circuit) on 
type SE 1530 receiver near maximum (100° to 150°). Zero 
coupling is at approximately 40° for the purpose of obtaining 
reverse coupling and passing through zero coupling. 

(7) If a rotating loop is used, place plane of loop in line with 
the station to be received. 

(8) Rotate loop condenser of type SE 4793 until maximum 
signal is received (this adjustment should be made with barrage 
reversing switch in center position, thus cutting the antenna out 
of circuit). 

(9) If signal is not heard throw barrage reversing switch to 
either side, thus cutting the antenna into circuit. Cut out all 
antenna resistance and tune antenna circuit with antenna con- 
denser. (A series-parallel switch is provided by means of which 
the antenna condenser is placed in series or in parallel with the 
antenna. Use series connection for wave lengths up to approx- 
imately 15,000 meters and the parallel eonnection for the longer 
wave lengths.) 

(10) Final tuning should be done with the antenna out of cir- 
cuit (barrage reversing switch in center position). The loop 
circuit should then be adjusted until maximum signal is heard 
with moderately loose coupling between the loop and intermediate 
circuits (intermediate coupling). 

(11) When desired signal is heard throw barrage reversing 
switch to either side (this should increase strength of all signals 
and interference). 

(12) Start cutting in antenna resistance with moderate coup- 
ling (100°) between antenna and loop (antenna-loop coupling). 


nals reduced in strength. 

Best results are obtained by making the receiving equipinent 
inoperative in the direction from which the static comes. 

The amount of antenna resistance will vary from day to day. 

Interference can be reduced by careful adjustment throughout 
the equipment. No advantage is gained by the use of tight coun- 
lings, 


Strong interfering signals can be reduced by decreasing the 


couplings, 
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If the directions of static and signal are not diametrically oppo- 
site, adjustment should be made to reduce the static by swinging 
the loop until the best signal-static ratio is obtained. If neces- 
sary, sacrifice some of the strength of signal to obtain this con- 
dition. , 

PART 5.—FAUTLTS AND REMEDIES. 


No barrage ef- 31-604. If no barrage effect is obtained it may be due to any of 
rect: the following causes: 
(1) Insulation of loop or antenna may be wet. or otherwise 
faulty. 
(2) Ground connection to equipment may be too long. 
(3) Proper ratio of antenna-resistance to antenna-loop cou- 
pling is not heing used, 
(4) Couplings throughout may be too close. 
(5) Antenna or loop may not be exactly in tune. 
(6) Amplifier batteries may be causing noise, 
(7) Amplifier tubes may be noisy. 
Howling of 31-695. Howling of amplifier may be caused by— 
tmplifer. (1) Defective shielding. 
(2) Shield lead of shielded telephone cords open or not 
eonnected to shicld clamp. 
Fading effect. 31-096. (1) Fading of signals or static, when separate batter- 


i tes are used for the R. F. driver and amplifier, may be caused by— 
(1) Exhausted amplifier batteries. 
- (2) Exhausted radio-frequency driver batteries. (Batter- 


ies should not be used until completely exhausted.) 
(3) Long distance transmission, especially noticeable on 
summer afternoons. (There is no remedy except 
rotating the loop slightly which sometimes helps.) 
Signal only (2) If signal suddenly stops and static seems to increase it is 
stops. an indication that the filament battery of the radio-frequency 
driver is run down. 
Signal and (3) If both signals and static fall off in intensity the trouble 
static dle out. §. due to exhaustion of the amplifier filament battery. 
Note.—This apparatus is so arranged that common batter- 
ies can ordinarily be used, one for the filament supply and 
another for the plate circuit supply of the R. F. driver and 
amplifier. In this case a renewal of batteries will be neces- 
sary should any of the faults just mentioned arise. 
81-697. If loud hissing is heard the trouble is due to— 
(1) Improper adjustment of the radio-frequency driver 
coupling, 
(2) Poor adjustment of stabilizer on amplifier. 
(3) If loud hissing can not be stopped by correcting for 
(1) and (2) the trouble is due to amplifier tubes. 
These should be changed about or renewed to ob- 
tain a quiet amplifier. ; 
31-698. The shields of the R. F. driver and the aniplifier are 
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Greunding 
shields of eppa- 


ratus. connected internally to the +filament battery binding pest, thus 
bringing them to a potential of approximately 6 volts. In the 


lower left-hand corner of the R. F. driver and in both lower cor- 
ners of the receiver and the barrage tuning unit the shield bind- 
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ing posts are provided with connecting links, thereby establish- 
ing the shielding of the entire equipment at a potential equal to 
that ef the +filament battery. A removable link is also sup- 
plied on the lower left shield binding post of the barrage tuning 
unit for connecting to the ground terminal. This connection to 
«round should normatly be left open but, if trouble is experienced, 
make this ground connection after making certain that a short 
cireuié will not occur on either the filament or plate circuit 
supply. ; 
(3) The Tuned Telephone. 


PART 1.—GENERAL 


31-725. The timed telephone circuit provides a means for tuning 
at audio frequencies and should not be confused with the ordinary 
radio-frequency tuning previded by ccupled circuits, rejectors, 
ind the like. Its purpose is to prevent undesired signals, which 
vary in audio frequency from that of the desired signal, from 
passing through the telephones. On this account it is particu- 
larly adapted to the reception of continuous wave signals by the 
“beat” method. It is of less value for the reception of spark 
signals for the reason that the frequencies of practically all Navy 
spark transmitters lie within the 450-550 cycle zone. Further, 
the tuned telephone does not effectively separate signals whose 
frequencies vary by only a few cycles because the tuning is quite 
broad on account of the resistance, ete., of the circuit, 

31-726, The tuned telephone circuit has been incorporated in 
the type SE 3552 tuned telephone for use in the model E receiy- 
ing beoth, in conjunction with the type SE 3649 receiver, 


PART 2.—THEORY. 


31-727. (1) The tuned telephone is an acceptor circuit in that 
it is actually tuned to resonance with the frequency desired. In 
the resonant condition it has no reactance and the only resistance 
is that due to the circulating resistance, therefore any signal 
laving (he samme audio frequency as that to which the tuned tele- 
phone circuit is resonant will be heard and any other signals hav- 
ing an audio frequency differing from that to which the cireuit 
is resonant will not be heard. 

(2) For example, suppose that it is desired to receive a 
station transmitting on 10,000 meters, frequency 30.000 cycles, 
with a “beat” note of 1,000. The secondary of the receiver would 


he tun 


od te either 29,000 cycles or 31,000 cycles. Assume that 
the secondary circuit is tuned to 29,000 cycles, and that another 
station transmitting on a wave length of 11,000 meters is inter- 
fering, with a signal of approximately the same intensity as that 
to be received. The signals from the interfering station beating 
with the local oscillations will result in the signal having a note 
ef 7,728 cycles. which is within the audible range and would be 
disturbing. Now if the tuned telephone is cut into cireuit and 
adjusted to be resonant to 1,000 cycles the interfering signal will 
cither disappear or be greatly reduced in intensity. The tuned 
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telephone, therefore, gives selection in wave length by audio- 
frequency tuning. 

(3) The intensity of static can also be greatly reduced if the 
tuned telephone is used and the note of the received signal in- 
creased to a frequency of approximately 1,500 cycles, or more. 


PART 3.—DESCRIPTION, 


Elemeats of 31-728. A simplified drawing of a tuned telephone circuit is 


elreult. shown in figure 31-44. The tuned telephone circuit consists of 
three parts: 
(1) Telephone. 
(2) Condenser. 
(3) A large inductance. 
This circuit is connected between the negative filament and 
plate of the receiving vacuum tube. 
TO PLAT® HIGH 
RESIS~ 
T: 
BRIDGING + 
CONDENSER PLATE 
BAT. 
TO FILAMENT 
TUNED POSITION OF SWITCH 
SE 3552 
UNTUNED POSITION OF SWITCH 
SE 3552 
Fie, 81-44.—Tuned telephone circuit comnections. 

Telephones. 31-729. The telephones are changed from their usual position 
in series with the plate battery to a series connection with the 
tuned telephone circuit, and at the same time a high resistance 
is substituted in the first circuit in place of the telephone to 
prevent the value of the plate current from being changed due 
to the transfer of the telephones from that circuit. 

Condenser. 31-730. The condenser is of the continuously variable air di- 
electric type with a maximum capacity of 0.0025 xf. 

Taductance, 31-731. The inductance consists of 22,000 turns of No, 34 B. & 


S., D.S.C. copper wire wound on an iron core. The frequency 
of the tuned telephone circuit can be adjusted by means of the 
condenser to practically any audio frequency. 
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31-732. The transfer switch type SE 3551 is provided for cut- tea nsfer 
ting the tuned telephone out of circuit. When the switch is 
thrown to the left (“tuned”) the tuned telephone is cut into 
circuit and when it is thrown to the right (“ untuned”’) the tuned 
telephone is cut out of circuit and the regular receiving arrange- 
ment is used. 


PART 4.—CPERATION. 


31-733. The tuned telephone should be used only when interfer. Wh en to be 
ing signals make the reading of the desired signal uncertain and 
also when static is troublesome. The tuned telephone should 
never be used in stand-by or pick-up work for the reason that 
every change in the wave length of the secondary circuit ahile 
receiving CW signals will change the audio frequency of the note, 
thereby throwing the tuned telephone out of resonance and thus 
probably preventing the signal from being heard. 
31-734. (1) The following procedure should be used when using Tuning pro- 
cedure. 
the tuned telephone: 
(a) Throw type SE 3551 switch to left. 
(b) Vary the setting of the tuned telephone condenser slightly 
until undesired signals are lost and the desired signal 
is brought to maximum intensity. 
(2) It should be remembered that the radio-frequency tuning 
is to be performed in the usual manner and that the tuned tele- 
phone js solely an audio-frequency tuning device. For this rea- 
son select the “beat” note by varying the secondary circuit con- 
denser before changing over to the tuned telephone. 


PARY 5.—FAULTS AND REMEDIES, 


31-735. Best reception of continuous wave signals by either the Oscillations 
autodyne or heterodyne method is obtained when the strength ofitor- 
the local oscillation bears a certain relation to the strength of the 
incoming oscillations. This generally calls for a critical setting of 
the back coupling (the loosest coupling possible). Under these 
conditions the secondary circuit is likely to stop oscillating when 
the tuned telephone is cut in. The remedy is to increase the 
back coupling. 

31-736. Failure of the tuned telephone to suppress undesired  Faflare tosup- 
signals is caused by insuflicient separation between the “beat ice interfer- 
note of the desired and undesired signel. This can sometimes be 
remedied by obtaining a higher beat note or by tuning for a new 
hent note of the desired signal on the c 

31-787. Failure to suppress static i is generally due to the employ- Failure to 
Inent of an insufficiently high beat note. In this cease the beatpress statle, aupe 
note should be increased in frequency as much as may be neces- 
sary to produce results. 


(EF) WAVEMETERS. 


\ PART 1.—GENERAL. 


31-750, The wavemeter fs an instrument used primarily to meas- 
ure, the jwave length cf a transmitter, the wave length being 
expr essed Jn Ineters, A secondary use of the wavemeter is in the 


Purpose. 


31-164 
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measurement of the decrement of modulated waves and when 
equipped for this purpose is called a decremeter. 


Essential elr- 31-751. The wavemeter consists essentfally of an inductance 


cult, 


Resonance 


and capacity in series and some type of indicating device. The 
inductance Consists usually of a set of coils having different values 
of inductanee while the capacity is of the continuously variable 
condenser type. The wave length range of the wavemeter is 
obtisined by the combination of the variable condenser and the 
several coils, the inductance of the latter being adjusted so that 
a considerable overlap in wave length exists between successive 
coils. 


ine 31-752. (1) The indicating instrument is usually a current 
Gleating devices, 


squared ineter (themmogalyanometer) which is connected in series 
with the inductance and capacity. The meter now used in service 
waveuleters is of the thermal type. Another type of ind lcating 


‘ ow candle power, low volta incandescent bulb 
which is connected in series with the wavemeter circuit. The 
filament of the bulb is brought to a dull red elow by means of a 
dry battery) thus a very small extra current is able to bring the 
filament up to normal brightness and the sensitivity of the device 
is thereby greatly increased. 

(2) Hither of the indicating dev.ces just mentioned is used when 
the wave length of a transmitter is to be measured. The trans- 
mitter may be eitler spark or CW. Another device is the crystal 
detector and telephones and can be used when measuring the wave 


length of spark, telephone, and ICW transmitters. 


Indicatlon of = 31-753. The inductance and capacity of the wavemeter consti 


resonance. 


Decremeter. 


tute an oscillatory circuit and this cireuit will respond most 
energetically to a transmitter when the circuit is in resonance 
with the transmitter, resonunce being detected by means of the 
indicating device used. In the case of the current squared meter 
resonance is indicated when maximum deflection is obtained, 
with the incandescent bulb when the filament is brightest, and 
with the detector and telephones when the signal is loudest. 
The wave length of the transmitter corresponds to that of the 
wavemeter when resonance is obtained with the wavemeter. The 
wave length can then be read directly from the engraved scale 
or from the wave length curves supplied with the wavemeter, in 
accordance with the wavemeter coil used and the setting of the 
condenser in degrees. 

31-754. The decremeter measures the decrement as well as the 
wave length of the transmitter and the indicating device is always 
a current squared meter. ‘The decremeter is tuned to resonance 
with the transmitter in the usual manner and the deflection of 
the current squared meter and the setting of condenser noted. 
The condenser is then rotated in either direction until the deflec- 
tion falls to one-half that obtained at resonance und the deere- 
ment dial is then lecked with its zero on the reference Tine. 
The condenser is again rotated from the one-half deflection peint 
through resonance and to the other one-half deflection point 
always moving in the same direction. The reading of the decre- 
ment dial opposite the reference line is the decrement of the 
transniitter plus that of the decremeter, Subtract the deci oment 
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of the instrument from the reading of the decrement dial and the 
result is the decrement of the transmitter. : 

81-755, The wavemeter can also be used as a low-power driver 
for exciting the circuit under observation. A buzzer connected 
into the waveieter circuit is used for this purpose. This feature 
is especially valuable for tuning receiving circuits to the specitied 
wave lengths. 

31-756. (1) Service wavemeters are used for all-around practi- 
cal purposes, and. being porteble, are likely to be injured or their 
calibration disturbed. It is essential, therefore, that they be 
handled carefully and only by experienced personnel, 

(2) Service wavemeters contain the essential parts of the 
wavemeter in ene box arranged in a compact and practical man- 
These wavemeters ave ruggedly coustructed and are suited 


ner, 
to the work for which they were designed. The folowing table 


gives the various types and wave length ranges of the service 
wavemeters now in use: 


Wave-length 


TrpeNo range. Indleating device. 

55 Ot i iM) 3,444) £2? meterand detector. 
CN 25 s5- 5.060, Do. 

SE 392 150- 2,460 : Do. 

SE 871 190-3, ucn | Do. 

SE 107 100-20, 000 | Do. 

SE 140 50- 1/000 | Do. 

SE 141 150- 2 ! Do. 

SE 1740 15)- 3,000 | Do. 

SE 362 --|  300- 2,5C0 | Crystal detector. 

SE 3644 1 300- 2)300; 7” Do. 


31-757. (1) In addition to the service wavemeters there are 
three other classes of wavemeters: 

(a) Primary Standard wavemeters, 
(0) Secondary standard Wwavemeters, 
(c) Tertiary standard wavemeters, 

(2) The primary standard wavemeters are located at the Naval 
Radio Research Laboratory, Bureau of Standards, Washington, 
D. C., and Radio Laboratory, navy yard, Mare Island. ‘These are. 
special wayemeters associated with the multivibrator and con- 
stitute the absolute wave length standards to which all other 
Watvelelers are adjusted, 

(8-2) Secondary standard awavemeters are located at navy 
yards, Boston, New York, Philadelphia, Norfelk, Mare Island, and 
Puget Sound and on the flagships of the Atlantic and Pacifie 
flects, These wavemieters cover the entire wave lengih range 
(100 to 50,000 meters) in fixed steps and have been compared with 
a primary standard wavemeter, 

(8-h) The secondary standard wavenieter consists of the wave- 
meter and a driver and is used for calibrating tertiary standard 
wud service wavemeters, 

(4) The tertiary standard ieavemetcrs have heen selected from 
types Sk-392, SI-1402, and SE-1073 wavemeters and have been 
carefully calibrated. These wavemeters are located at the navy 
yards, Portsmouth, Boston, New York, Philadelphia, Norfolk, 
Charleston, Key West, New Orleans, Great Lukes, Mare Island, 


31-165 


Wavemeter 
used as driver, 


Service 
meters. 


WaAYCs 


Types of gerte 
ice waremeter, 


Standard wate: 
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Puget Sound, and Pearl Harbor and on the fleet flagships and 
fleet repair ships of the Atlantic and Pacific fleets. 

(5) None of the standard wavemeters should be used for tuning 
purposcs as they are intended as standards by which service wave- 
meters nay be frequently checked for tuning and other purposes, 

(6) The system of wavemeters just outlined is for the purpose 
of maintaining all ship and shore transmitting stations of the 
Naval Communication Service on their assigned wave lengths in 
order that interference due to stations being off wave length may 
be eliminated. 

PART 2.—DESCRIPTIUN, 


ee length §=$1-759. The SE 1073 wavemeter has a wave length range of 
100 to 20,000 niecters. The condenser is arranged so that the wave 
Jeneths can be read directly, no curves being supplied with the 
instrument. 

Condenser 81-760. The condenser is of special construction, both sets of 
plates being movable and actuated through special gearing by 
turning a knob situated on the face of the wavemeter. The con- 
denser has a cylindrical shield which is fitted with a graduated 
sheet of paper on which are marked the degrees, wave lengths, and 
capacity for every even numbered degree setting. The figures are 
read through a window across the length of which are etched two 
lines spaced a distance equal to that of one degree on the con- 
denser sheet. However, only the lower line should be used as the 
reference line. On the beveled edge of window frame are marked 
horizontally headings for the columns of figures appearing on the 
condenser sheet. These headings are: 

Capacity in puf. 
Coil No. 1, ete. 

31-761. The inductance is wound on five forms, but there are 
actually six coils, Nos. 1 and 2 being on one form. The induct- 
ances are plugged into a special jack supplied for making contact 
with the wavemeter circuit. 
fe nine de- 31-762. The indicating device is in series with the wavemeter 

circuit and is of the thermogalvanometer type and is generally 
used when finding the wave length of a transmitter. A detector 
is also supplied for spark, telephone, and ICW work or when- 
ever the power of the transmitter (modulated transmission) is 
not sufficient to actuate the meter. The detector can also be used 
when it is desired to listen te the note of the transmitter (modu- 
lated transmission). 


Inductance, 


PART 2,.—OPERATION, 


of ee 31-763. (1) The wuve length of a transmitter is found as 
of transmitter. follows: 
(a) Set the wavemeter so that its coil is coupled to the circuit 
to be measured. 
(b) Select the coil that will give the wave length desired. 
(c) Set wavemeter condenser on zero and start up transmitter. 
fd) Vary wavemeter condenser slowly and continuously in one 
direction until a deflection shows on meter. 
(e)} Loosen wavemeter coupling if coupling appears too tight 
(as indicated by deflection of meter) and find resonance. 
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(f) Read wave length corresponding to wavemeter setting to 
find wave length of transmitter. (The upper line on the glass 
window should not be used, the lower line being the reference 
line.) 

(2) (Care should be taken that the coupling is only to the 
circuit under measurement and that the coupling is not too tight 
because the thermogalvanometer is easily burned out. It is not 
necessary to obtain full scale deflection except when searching 
for harmonics or humps, in which case fairly tight coupling is 
sometimes necessary, especially for points other than that for 
resonance with the main wave. iA deflection of 20 at resonance 
is sufficient for all ordinary wave-length measurements, 

91-764. The above applies to large transmitters, but when using 


31-167 


Tse with low. 


power transmit- 


a 5 or 10 watt driver for comparing wavemeters the wavemeter ters. 


coupling must be kept as loose as possible because service wave- 
meters have a high radio-freqtiency ‘yesistance and, therefore, 
Will abstract a considerable percentage of the power available in 
the driver when tuned to resonance. Under these circumstances 
the wavemeter will “drag” the driver and erroneous observa- 
tions will result. 

31-765. Wave lengths as measured by the wavemeter using the 
detector and telephone will not agree with those measured when 
using the thermogalvonometer. This is caused by the addition of 
a considerable amount of capacity due to the detector. The 
capacity effect of the detector is more pronounced at the lower 
settings of the condenser and the actual wave length will be 
greater than that indicated on the condenser scale. 

81-766. (1) To use the wavemeter as a driver connect one or 


Tse of detector 


and telephones. 


Waremeter 


two dry-cell batteries to the proper terminals on. the wavemeter used as eriver, 


and throw the buzzer switch to the “on” position. Adjust buzzer 
to give clear note and couple wavemeter to the circuit under test. 
A detector and telephones connected to the latter circuit will be 
necessary to detect resonance.: 

(2)(The buzzer adds considerable capacity to the wavemeter 
circuit. The wave lengths will therefore be slightly higher than 
those indicated on the wavemeter, especially at low settings of 
the condenser. 


PART 4.—-PAULTS AND REMEDIES. 


31-767. The wavemeter is an instrument of precision and 18), 
somewhat delicate in construction. The wavemeter should, there- 
fore, not be handled roughly. 

31-768. No changes Whatever should be made in the wavemeter j, 
circuit because the calibration will be affected. Should it be 
necessary to change the wavemeter it should be done by an ex- 
perienced man and the wavemeter recalibrated and new wave 
length curves drawn. Although Service wavemeters are rug- 
cedly constructed, the condenser is Hable to damage due to rough 
handling of the wavemeter. ‘The wavemeter should never be 
picked up nor moved about by the condenser handle. The wave- 
meter should not be moved by sliding it on the table nor should 
it be set down violently. 

31-769. The thermogalvanometer is responsible for most of the 
trouble experienced with wavemeters. The element of the meter 


To be careful- 
handled, 


Making charges 
a Wavemeter, 


Thermogairar- 


ometer. 
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is easily burned out, in which event the instrument will net in- 
dicate. If the needle sticks resonance cannot be detected. Re- 
beacement of the thermogalvanometer then becomes necessary. 
cont native pl. 31-770. Frequently the contacts made by the plug of the coil 
tbe are defective, being either loose or open. This will result in er- 
ratic behavior of the thermogalvanometer. The remedy is to 
repair the jack. 

31-171, Broken connection from the coil to the plug is indicated 
by the failure of the thermogalvanometer to deflect whenever 
that cotl is used. The connection to the plug should be remade, 
care being taken not to remove any turns from the coil itself? 
because this will affect the calibration of the wavemeter for that 
“oil, 
doncagets In con- 31-772. 4 short cireuit in the condenser is another frequent 

fault and is caused by one of the fixed plates touching one of the 
movable plates at some setting of the condenser This is detected 
by a sudden drop in deflection of the thermo galvanometer when 
the plates touch or the rubbing can be heard directly when the 
condenser is revolved. The position of the short circuit ean be 
located by a pair of telephones und a dry battery connected in 
series across the terminals of the condenser. When this method 
is used care must be taken not to include the thermogalva- 
nométer in the battery circuit because the meter will be injured. 
The defective condenser plate should be straightened, but as this 
will change the calibration of the wavemeter, it should be checked 
by a standard wavemeter after repairing. 


Open circuit 
In coil, 


(G) MISCELLANEOUS APPARATUS, 


PART 1,—-TELEPHONES, 


Purpose. 31-800. Telephones are used in radio for the purpose of con- 

verting into sound waves the received electrical pulses emitted 

by the transmitter. The telephone method of reception is at the 
present time the simplest, the most rugged, and, in general, the 
most satisfactory and efficient, 

81-SO1. Two types of telephones are now used in the service. 

They are: Types CW 884 and CAB 160. The first type employs 
permanent magnets, windings, and diaphragm of the usual con- 
struction, The second type is entirely different in construction 
in that a “pony” diaphragm hinged on one side and equipped 
with a small bar is set between the pole faces of the permanent 
magnet. The vibration of the “ pony ” diaphragm is transmitted 
by the bar to the main diaphragm, which is a circular piece of 
thin mica, 

Description. 81-802. The usual type of telephone is resonant to a frequency 
in the neighborhood of 1,000 and will, therefore, be most sensitive 
when the frequency of the direct-current pulses has the same 
value. The telephones consist of two ear pieces connected in 
series, both car pieces being the same in construction. The tele- 
phone consists of a permanent magnet, generally U shaped on 
each lintb of which is a winding consisting of many turns of 
very fine copper wire. The two windings are connected so that 
the effect of the current flowing through them on the permanent 
magnet will be in the same direction. A thin enameled iron dia- 


Types of tele- 
phones, 
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phragm is held in place very close to the pole tips of the per- 
Inanent magnet and the whole assembly incased in a suitable ear 
piece. 

31-803. The action is as follows: The permanent magnets 
hold the diaphragm ina set position. When a very iuinute pulse 
of direct current passes through the winding it will either add to 
op subtract from the total magnetisn of the permanent magnets 
aud displace the diaphragin from its normal position. The move- 
ment of the diaphragni sets up a wave in the air whieh is heard as 
a sound by the ear, Permanent magnets are used because 2 very 
sinall current is required to change the amount of magnetism of an 
aiready magnetized piece of steel, whereas a very considerable 
nmount of current would be required to give the sume effect were 
the pole pieces not partially magnetized, 

31-804. The telephones are connected to the binding posts on 
the receiver or amplifier marked “ telephones.” The connectiens 
should be made tight and the cord stopper used to prevent any 
undue strain being put on the telephone cord tips. Whenever the 
shielded type of telephone cord, type SE 1699, is used, the tip end 
of the shielding should be connected to the shield of the amplifier 
by the lug supplied with the cord. while the telephone receiver 
ends of the cord shield should be connected to the telephone re- 
ceiver casings by the lugs supplied for the purpose. The type CW 
834 telephones are provided with a small screw by which the lug 
zan be secured to the easing. 

31-805. (1) Telephones are quite delicate in construction and 
should not be handled roughly, such as throwing them down on 
the desk, dropping them, or allowing them to strike together vio- 
lently when removing them from the head. The telephone cords 
should be stoppered at each of the ear pieces and at the telephone 
cord tips to prevent breakage at the tips. The telephone cords 
should be kept dry at all times, as they will become inoperative 
when damp. 

(2) The diaphragms should be kept clean and dry and held 
securely in place by the cap. After the telephones have been 
worn for a considerable length of time they become rusted. due 
to perspiration. The heavily enameled side should be placed 
toward the ‘ear. If the enamel blisters, it should be scraped off 
and an extremely thin film of vaseline applied to prevent rust. 
The diaphragms should not be bent. because a bent diaphragni 
reduces the sensitivity of the telephones and in addition is likely 
to stick, A sticking diaphragm is sometimes remedied by turn- 
ing the diaphragm side for side. Frequently one earpiece is more 
sensitive than the other or is inoperative. This is generally due 
to a faulty diaphragm. The diaphragm should be turned or 
replaced, 

(3) Since the windings of the two earpieces are in series. a 
break in one renders both earpieces inoperative. Burned out 
windings or broken connections can be located by a Wheatstone 
bridge. An open circuit can be readily detected by means of a 
dry battery. If a loud clicking sound is not heard when the 
telephone cord terminuls are connected to the dry cell, it is an 
iudication that the telephones are epen circuited. The usual faule 
occurring in the telephones is a broken connection to the telephone 


Operation, 
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cord tips. Consequently whenever the telephones test open circuit, 
the tip connecticn should be carefully inspected. 


PART 2.—CRYSTAL DETECTORS, 


Purpose, 81-SG6. The crystal detector was formerly used instend of the 
vacuul tube fer the detection of all types of radio signals, 
Since the development ef the vacuum tube the crystal detector 
has heen used but very little. 


Trea of dee 81-807. The following detector stands are now in use: 
tectors. 


Number | 


of stands. Crystals used. 


Type Ne. 


3 Carborundum, galena, and silicon. 
1° Galena. 
1! Silicon with micrometer adjustment. 


Theory. 81-808, The crystal detector consists of two elements and its 
action depends on the unilateral conductivity of the erystal used. 
It acts like a check valve in the radio circuit, allowing the current 
to flow through it readily in one direction and practically prevent- 
ing a current flow in the opposite direction, The current puises 
that pass through the detector charge the telephone condenser, 
which, in turn, discharges through the telephones, By this op- 
eration the groups of radio-frequency oscillations received from 
the condenser of the secondary circuit are changed into audio- 
frequency pulses. The sensitivity of a good erystal detector 
galena) is equal or slightly superior to that of a vacuum tube. 
Operation. 31-809. The detector stand. whether single or triple, is provided 
with two binding posts, by which it is connected to the secondary 
circuit of the receiver. Audio-frequency amplification can be used 
with the erystal detector, the amplifier being connected to the 
telephone binding posts of the receiver. A multi-point switch is 
provided for the triple stand detector, permitting any detector on 
the stand to be used. The carborundum requires a slight direct- 
current voltage applied to it in order that the point of detection 
may be varied and the sensitivity of the detector thereby in- 
creased. The other types of detectors do not require additional 
voltage. ° 
Faultsandrem- 31-S10. (1) Failure of the crystal detector to operate is usually 
edies. due to lack of proper contact between the two elements of the detec- 
tor. A sensitive point can be found by varying the point of contact 
of the elements while listening to the signal received from the 
test buzzer in the receiving set, or to an incoming signal or static. 
The sensitivity of the contact should be tested from time to time, 
in the absence of signals, by means of the test buzzer. Heavy 
crashes of static or very loud signals will decrease the sensitivity 
of the contact. A second and less sensitive but more rugged 
dctector should be used when it is expected to receive near-by and 
strong signals. The carhorundum detector is suitable for this kind 
of work while the galena and silicon are somewhat more sensitive, 
but more easily threwn out of adjustment ty vibration, strong 
signals, or heavy static. 
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(2) The crystals should be kept clean and dry, and when the 
metal point is used it should be kept sharp, clean, und bright. 


PART 3.—YACUUM TUBES. 


31-811. Vacuum tubes are now in general use for all receiving General. 
purposes. They are used in all vacuum tube detectors, audio- 
frequency and radio-audio-frequency amplifiers and radio-frequency 
drivers. The type Sk 1444 and CW 933 vacuum tubes are now 
in use. They are equipped with the same type of base so that 
they may be interchangeable. However, only the specified type of 
tube can be used in most of the receiving apparatus. The ap- 
paratus equipped with the SE 1719 ballast lamp in place of the 
filament rheostat uses only the SF 1444 vacuum tube. The type 
CW 983 vacuum tube is not used in any radio-audio-frequency 
amplifier, 

31-812. (1) Both types of tubes can be used as detectors; the  Operatioa. 
type SE 1444 being considered somewhat more sensitive and has 
the additional advantage that it takes about three-fifths as much 
current as the type CW 933. The latter type can be used inter- 
changeably wih the SE 1444 in the 2-stage audio-frequency ampli- 
flers. ‘ 

(2) The proper adjustment of filament current is of vital , Adjustment of 
. . . . filament current. 
importance in the operation of any tube. The tube becomes a 
better oscillator with a slight increase of the filament current 
above the normal flow, but the detector qualities of the tube are 
not always improved by an increuse of the filament current. The 
following table gives the normal filament current for both types 
of tubes: 


Filament 
Vacuum tube. current 
(ampere). 
SSO C2 © Sa 0. 95 
C5 3 La 


The filament of the SE 1444 is made of tungsten and burns at 
a very high temperature. If the current is increased to 0.70 
ampere the life of the filament is greatly reduced. ‘The filament of 
the type CW 933 vacuum tube is made of platinum coated with 
an oxide of rare earth, The temperature of this type of filament 
is very much lower than that of the tungsten type and the elec- 
tron emission is greater than that required for a plate voltage of 
40 volts. Therefore, no advantage whatsoever is gained by in- 
creasing the temperature of this flament above the normal value. 

Do not at any time unduly increase the filament current, as it 
will weaken the signal and greatly shorten the life of the tube, 

(8-a@} The value of the plute voltage is second in importance Proper plate 
only to that of the filament current and is governed by similar voltage. 
considerations. An increase in the plate voltage, in general, 
improves the tube as an oscillator. The following table gives 
the proper plate voltage to use for detection aud amplification for 
the two types of tubes: 


Faults and rem- 


edies. 


Filament cer- 
rept centre). 


The ballast 


lamy. 


Purpose, 


Types. 


CHAPTER 31, 


Plate voltage. 


Vacuum tube., : 
Asde- ; Asam- 


tector. plifier, 
SFE 1444 40 40 
CW 933 40 40 


(3-b) The radio-audio-frequency amplifiers require approxi- 
mately 60 volts (3 type SE 3535A batteries in series) for the 
plate supply, otherwise they are likely to howl. 

31-813. The vacuum tube is quite delicate in construction, the 
filament especially being liable to breakage due to rough handling. 
Undue twisting of the tube while placing it in a socket is likeiv 
to loosen the glass bulb from the base. The base should be kept 
clean and dry to prevent leakage between the projecting points 
across the insulating compound. Leakage in the base or in the 
socket will cause erratic behavior of the tube. The presence of 
“blue glow” in the tube is an indication that gas is present and 
that the tube is “soft.” No “blue glow” should appear but, if 
present. the plate voltage should-be decreased until it disappears. 
If, under these conditions, the tube fails to operate satisfactorily, 
it is defective and should be replaced. 

31-814. (1) Vacuum tube equipment not supplied with the bal- 
last Jamps have rheostats for controlling the filament current. 
The purpose of the rheostat is to allow the filament current to be 
adjusted to the proper value and to compensate for a drop in 
voltage of the filament battery. A new filament battery should 
be cut into circuit when it is necessary to cut out all resistance in 
the rheostat to obtain proper operation of the apparatus. This is 
especially true with the Edison type of battery which has a 
falling voltage characteristic 

(2) Instead of burning the filament at an abnormal temper- 
ature look for a run-down plate hattery. 

(3) Alwcays turn the rheostats to the “off position before cut- 
ting ina fresh filament battery. This will prevent the filament 
from being burned out. 

31-815, The type SE 1719 ballast lamp is supplied on apparatus 
in place of the rheostat for the purpose of maintaining the fila- 
ment current of the SE 1444 tube constant during a fairly large 
change in the voltage of the filament current supply and will take 
care of the veltage drop in the Edison type of battery. How- 
ever, 48 soon as the filament current falls to a value below 0.65 
the ballast lamp no longer controls the current flow and the cur- 
rent will drop until the tube fails to function. The remedy is 
to replace the battery by a freshly charged one. 


PART 4,—CONDENSERS, 


31-816. Condensers of various sizes are supplied as separate 
units to extend the range of w given receiver or for other special 
work. These condensers ure aiways of the continuously variable 
air dielectric type. 

C1-Si7, The following sizes are now in use: 
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Maximum 
Type No, { eapacity 
; (microfarad). 
5) Ok ' 0.001 
SE 62. aa 0. 0625 
SE 63... . 0. 005 
ES) OC 5 0.0025 


31-818. The capacity curve of this type of condenser is prac- 
tically a straight line between 30° and 160°. They are well con- 
structed, rugged, and have low dielectric losses, They are pro- 
vided with stops at zero and 180° and are equipped with two bind- 
ing posts for connecting them into circuit. 

31-819. (1} Service condensers are ruggedly constructed, but 
should never be lifted by the knob. They should be handled care- 
fully, as otherwise the plates may be thrown out of alignment, 
thereby causing a short circuit between the movable and fixed 
plates and rendering the condenser inoperative. 

(2) A condenser in good condition should test open circuit on 
direct current and should stand approximately 300 volts without 
the insulation breaking down. 

31-820. Failure of a condenser to operate properly is indicated 
when a change in the setting of the condenser does not affect the 
cireuit Into which it has heen connected or when, aS soon as the 
condenser is cut in, no results can be obtained for any setting 
of the condenser. This may be caused by a broken connection to 
the plates of the condenser. ‘The break may be between the cir- 
cuit and the terminals or inside the condenser itself between 
either terminal and the set of plates to which it should be con- 
nected, or the condenser may be short-circuited. A short-circuit 
is usually located at only one point on the condenser scale unless 
the entire movable section of the condenser has dropped on to 
the fixed section, in which case the condenser will be short- 
circuited at all settings. An open circuit can be detected by the 
use of a pair of telephones and a dry cell connected in series, A 
loud click should be heard in the phones when a connection is 
made from one terminal to the pointer for the movable section 
and from the other terminal to the casing or to the fixed section. 
If the click is not heard the lead is broken in the condenser. A 
short circuit is located by connecting the telephone and dry cell 
across the terminals of the condenser and rotating the condenser 
slowly. If the fixed and movable plates teuch at any point a 
loud click will be heard. The remedy is toa straighten the plates 


plates. 
PART 5.—INDUCTANCES, 
31-821, Inductances in the form of leading coils are supplied 
to the service for use in connection with receiving sets to in- 
crease thelr range and for building special radio circuits, 
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81-822, (1) Inductances ure supplied in the following sizes: 


| Induct- 
ance Wind. 


Type No. | 
| (mb). 


A 14 | Bank wound with taps. 
4 30 | Spool wound. 


| 10 Do. 
20 Do. 
40 om 

HY | Do. 


t 
fl 
i 


(2) The coils are supplied with suitable terminals for connect- 
ing them into circuit. They are wound with litzendraht 3xX16X 
No. 38 B. & S. enameled copper wire. 

31-823. (1) The usual fault occurring in inductances is open 
circuit, and is indicated when no results can be obtained after the 
coil has been connected into the circuit. The open circuit can be 
verified by the use of a Wheatstone bridge which will read in- 
finity. The break is usually found next to the terminal. 

(2) A high resistance coil is indicated by the necessity for 
closer coupling. Such a coil can be tested on a Wheatstone bridge 
aud if the resistance is much higher than the normal value it 
indicates a loose or poor connection between the winding and the 
terminals or that strands in the litzendraht are broken. The coil 
should be rewound with good wire if the high resistance is found 
to be due to defective wire. 

Section: VII.—BATTERIES, 


PART 1.—GENERAL, 


81-850. (1) Batteries are used, in general, for two purposes 
in the Naval Communication Service: 

(a) In connection with vacuum tube equipment. 
(b) For emergency power supply for transmitters. 

(2) The dry cell and storage battery are both used in con- 
nection with vacuum tube receiving equipment. The filament 
circuit is always supplied by a storage battery because a larger 
current than can be supplied by the dry cell is required. For 
the plate circuit where the voltage is relatively high and the 
current of the order of a few miliamperes either the dry-cell or 
a special storage battery can be used. In practice, the type SE 
B535A dry battery or the Edison “1B” battery is used for this 
purpose, 

(3) The emergency power supply for transmitters is always 
obtained from storage batteries because the current demand is 
much greater than can be supplied by the dry cell, The storage 
battery is frequently used for the filament supply for vacuum 
tube transmitters. 


PARE 2CPHE TYPE SE $5854 DRY BATTERY, 


31-851. (1) The type SE 3535A dry battery has been developed 
especially for use as the plate voltage supply of receiving vacuum 
tube equipment. It hus a rated voltage, when new, of 22.5 volts 
and will deliver a current of approximately 4.8 milliamperes over 
a period of 34 days before the voltage is reduced to 17 volts, 
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measurements beng made by a voltmeter across the terminals of 
the battery while it is discharging at approximately the normal 
rate, The average discharge voltage is 19.2 volts. The internal 
resistance ig 315 ohms and the ampere-hour capacity 3.54. 

(2) The battery is hermetically sealed and water proof. Three 
leads are brought out from the case, one from each end and one 
from the middle. The positive lead is red and is further desig- 
nated by a plus sign stamped in the compound near the lead. 
When one-half the battery is used (either end lead and the cen- 
ter lead) the lead in the center becomes negative or positive ac- 
cording as the positive or negative end lead is used for the other 
lead. 

31-852. These batteries have a low rate of deterioration on 
the shelf and are, in this respect, greatly superior to other types 
of dry batteries. Batteries held in stock over a year have proved 
to be in excellent condition when put into service, but it is not 
wise to carry a quantity in stock for a longer period than is 
required to meet the demands of the service. Frequent small 
shipments from the central supply depot are preferable to less 
frequent shipments of large quantities. 

31-853. The SIE 85854 battery will supply sufficient current for 
the plate circuit of any piece of receiving apparatus including the 
riulti-stage amplifier and will function properly and efficiently on 
the latter for at least one month. When used with apparatus 
which employs only a few vacuum tubes, such as a yacuum tube 
Cetuctor or a detector tube and one 2-stage amplifier, the current 
drawn from the battery is less and its life prolonged in pro- 
portion. Intermittent duty also prolongs the life since only the 
actual ampere-hours used are to be deducted from the total 
aunpere-hours available in the battery. 

31-854, It is important that the batteries be used in order of 
their receipt, that is, the oldest first, so that those held in stock 
will be reliable. This battery should not be tested by shorting 
because this will appreciably reduce its life on account of the 
small size of the cells. The proper method of testing is to put 
the battery in service and read the voltage by a voltmeter con- 
nected across the battery terminals while the battery is dis- 
charging. If up to standard, repeat after approximately 1,000 
tube-hours use, which is equal to continuous service on a 6-stage 
amplifier for one week. If the voltage is then less than 20 volts 
the battery is poor and should be renewed as soon as unsatisfaec- 
tory results are obtained from it. The voltage under the condi- 
tion noted, namely, after 1,000 tube-hours use, should be approx- 
imately 20.5 volts. A 6-Stage amplifier draws a current of ap- 
proximately 4.8 milliamperes from the battery. 

91-855. Defective or run down batteries are indicated when the 
filaments of the tubes must be burned above normal brilliancy, 
when the back coupling must be tightened more than the usual 
amount, or both, and when the amplifier or detector circuit be- 
comes erratic in its behavior and a frying or hissing tone or noise 
is heard in the telephones. The hissing or frying noises may also 
be caused by a poor contact or defective tube but it is generally 
an indication that the battery is exhausted. As soon as it has 

$3156°—22 12 
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been definitely determined that a battery is exhausted it should 
he replaced by a fresh one. Worn-out batteries are of no further 
use, 

eee 31-856. The fact is emphasized that the battery will discharge 
whenever the filament is lighted and the plate circuit is closed. 
For this reason, among others, the filament should not be lighted 
except when necessary for receiving. Satisfactory service can 
not be obtained from the SE 35354 battery after the voltage has 
dropped below 17 volts on discharge. 

Storage. 31-857. Batteries in stock should be stored in a cool dry place 
with the side having the sealing compound up. Care should be 
taken also that no battery is accidentally short-circuited by the 
leads touching, and thereby run down. 


PART 3.—THE EDISON “RY BATTERY, 


Edison “B" 81-858. (1) A special storage battery has been developed by the 
battery. Edison Co. for use in the plate circuit. The cells are made very 
small and 48 are connected in series to give a normal discharge 
voltage of 60 volts. The charging rate is one-half ampere for 7 
sours when the battery is fully discharged. The characteristics 
and methods of care and upkeep for this battery are not given 
here as they are similar to those described elsewhere in this 

manual in the general discussion of the Edison battery. 
(2) The Edison “B” battery has the advantage over the ary 
battery in that it can be kept in good condition by proper care 
and charging when needed. On the other hand the type SE 85354. 
dry cell occupies but little space but has a disadvantage of a 
comparatively short life and after exhaustion must be replaced 

by a new battery. 


PART 4.-—THE EDISON a" BATTERY, 


waite Seok 31-859, It was stated above that a considerable current at a 
battery. low voltage was required for lighting the filaments. The 6-volt 
Storage battery (either the Edison or the lead-acid type) is used, 
The Edison battery is rated at 75 ampere hours, while the lead- 
acid type of battery generally used has a eapacity of either 80 
or 100 ampere hours. A fairly high capacity battery is preferable, 
especially where multi-stage amplifiers are in use, in order to 
maintain the required voltage for a reasonable length of time 
and to reduce the frequency of charging, 

31-860. Special battery charging panels have heen supplied to 
ships using 120 volts direct current so that the batteries may be 
charged from the ship’s circuit. At a number of isolated places, 
chiefly radio compass stations, it is necessary to use small faso- 
line engine driven generators for this purpose, and at other instal- 
lations where alternating current power must be utilized various 
forms of rectifying devices have been provided. The charging 
and maintenance requirements of these batteries differ in no 
essential way from those for the usual power battery and will 
therefore not be taken up here, 


Charging units. 
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PART 5.--POWER STORAGE BATTERIES. 


31-861. Storage batteries are very generally used to provide 
an emergency power supply on shipboard for radio sets where an 
emergency power supply is essential. The lead-acid type of bat- 
tery has been used exclusively for this purpose. Such batteries 
are supplied in four sizes, namely, 40 ampere hours, 80 ampere 
hours, 146 ampere hours, and 240 ampere hours, the voltage being 
120 volts in each case. The size of battery is selected in accord- 
ance with the size of the set to be operated, which range from 
one-fourth to 5 kilowatts. Each 120-volt battery consists of a 
group of conveniently sized trays, ench tray usually consisting of 
three cells. The trays are grouped together in a convenient and 
suitable location especially adapted to the purpose. 

31-862. Storage batteries are used to operate the dynamotors of 
the type CW 936 telephone sets, the dynamotor generating the 
high voltage necessary for the plate circuit. Storage batteries 
are alsu used to a considerable extent on aircraft to operate the 
smaller transmitters as well as the receiving equipment. 

31-863. The following is a list of the storage batteries now in 
general use in the Naval Radio Service: 


EDISON, 
- - | Ampere + 
Type No. Voltage. | ners. | Use. 
6! 75 Filament lighting. 
4.8) 12.55 da. 
60! 2.5. Plate supply. 
60 25) De, 


i 
RA De ces hae lenseeaes oundy 140-110 | 13] }kilowatt emergency spark 
| transmitters. 
RAD-4. 0.0.2 eee eee e eet e ee ceees 120 §0 | 3-kilowatt emergency spark 
| | transmitters. 
TRS Dl, cas a dacenrens wees ede s i 126 140 | L-kilowatt emergency spark 
i i transmitters. 
RADAD.  ccccepewtwaeetiw eases 120 | 210 1 2 and 5 kilowatt emergency 
| spark transmitters. 
32 | 40 | CW 936 telephone. 
12 60 | Aircraft radio. 
12 40 Do. 


31-864. The operation and the faults and remedies of storage 
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batteries, both the Edison and lead-acid types, are given in detai} Sttuctions, 


in the chanter on storage batteries. 
Section VIII.—Fuiextp Sers. 
PART 1.-—GENERAL. 


81-875. Field sets are used in the Naval Communication Serv- 
ice to establish radio communication between a landing party and 
the ship, between landing parties for point to point radio com- 
munication on shore, and also for emergency transmitters on 
board ship. 

81-876. The equipment includes all the apparatus necessary to 
establish a transmitting and receiving station Independently of the 


Purpose. 


Equipment. 
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locality selected. The 500 cycle quenched-spark transmitter is 
used at present for this purpose and the power for driving the 
500-cycle alternator is supplied by (a) hand generator, (b) 
gasoline engine, and (c) direct current motor. 

(2) A complete mast, antenna, and counterpoise, together with 
transmitting and receiving equipment and spare parts, all ar- 
ranged in portable form, constitute the field set. 

Theory. 31-877. The theory of the transmitter is the same as that given 
for the Navy Standard 500-cycle quenched-spark transmitter, 
The receiving apparatus is similar to that already described 
under “Receiving equipment.” The antenna and ground system 
is different from the usual type only in the fact that it is of the 
umbrella type, portable, and employs a counterpoise. A deserip- 
tion of the 3-kilowatt portable radio set, type ON 233, follows: 


PART 2,—DESCRIPTION, 


Apparatus. 31-878. (1) The 4-kilowatt portable radio set consists of four 
parts: 
(a@) Portable mast. 
(3) Parts for mast, portable antenna and counterpoise. 
(c) Transmitter and receiver, 
(d) Power system complete, 

(2) A hand cart for the transportation of the set is also 
supplied, 

Portable mast. 31-879. (1) The portable mast consists of 6 poles. Two pike 
poles are supplied for use in erecting the mast and two canvas 
bags to cover the ends of the poles when packed. 

(2) The mast is secured at its foot by an anchor spike equipped 
with bolt and nut and pipe to hold the lower end of the pole, 

(3) Four guy lines on reels are supplied for holding the mast 
in a vertical position. One of these is a heavy line for use in 
lifting the mast and is used as the forward guy. The latter guy 
line is permanently fastened to the guy distribution plate. Four 
long spikes for the pole guys and six small spikes for the antenna 
guys are a part of the equipment. 

Antenna. 31-880. (1) The antenna is of the 6-wire umbrella type. Each 
antenna wire is wound on a hand reel and is equipped with cord, 
insulators, and a device for attaching the wire to the mast. 

Rattail. (2) The rattail is wound on a reel and equipped with cord, 
insulator, and a snap hook for connecting the lead to the in- 
sulated distribution plate of the antenna. 

The counter. 31-88i. The counterpoise equipment consists of two 4-wire 

Poise. insulated counterpoises with attaching plugs. 
The transmit- 31-882. The transmitter and receiver are assembled in the same 
ter and reeelver. cast. An 8-conductor cord with multiple plug at each end for 
connecting the power unit to the transmitter, a single conductor 
cord with plug on one end and with suspender clip on the cther 
for connecting the antenna to the plug marked “ant” on top of 
antenna loading coil IVY, a single conductor cord for connecting 
the counterpoise plug to a bulkhead or other direct ground only 
when the set is used on shipboard are supplied. In addition, a 
pair of telephones, spark-gap tester and an oscillation trans- 
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former tool for removing or inserting the plugs on the end of the 
wave-changer connectors are a part of the equipment. 

31-883. (1) The power system consists of an alternator with 
exciter on a sliding base with a coupling on each end of the 
alternator armature shaft, an internal-combustion engine with 
built-in magneto, oil and gasoline tanks, crank and governor, a 
direct current motor for sliding base with coupling on one end of 
armature shaft and various attachments, boxes, and stands. 

(2) The engine of the power supply system is a single cylinder 
4-eycle, air-cooled, three-fourths horsepower, 2,500 revolutions per 
minute machine. A governor is provided which Keeps the speed 
within the specified limits. A built-in magneto is used for igni- 
tion. An oil tank with gauge is provided and a gasoline tank 
with shut-off petcock are provided. A “compression release” is 
provided for starting and stopping the engine. 

(3) The alternator is practically a hand generator. No means 
are supplied for disengaging the gears when the engine is used. 
The alternator voltage is controlled by a rheostat in the exciter 
field, the exciter voltage being 70 volts, 

(4) The direct current motor may be included in the landing- 
force equipment and coupled to the alternator when the latter is 
being run by the gas engine. The motor then operates as a 
generator for lights. The gas engine will run the alternator un- 
der sending conditions without trouble but, if more than one light 
is supplied from the direct current motor acting as a generator 
with full load on the radio set at the same time, the engine will 
overheat. A switch is provided for use when the direct current 
unit is being used as a motor or as a generator. A portable light 
with cord is also supplied which may be plugged into a receptacle 
on the power unit frame. 

(5) The following power combinations may be used by proper - 
combinations of engine, alternator, and D. C. unit: 

(a) Alternator driven by engine. 

(bo) Alternator driven by motor. 

(ce) Alternator driven by hand power. 

(ad) Alternator and D. C. unit driven by engine. 


PART 3.-—OPERATION,. 


831-884. The site selected for the erection of a station should 
he fairly level and free from undergrowth. It is preferable to set 
up the station in a clearing as far as possible from large trees. 
The site should also be selected so that the line connecting the 
field station and the station with which it is to work is as free 
as possible from large obstructions to the passage of the trans- 
mitted wave. For example, large hills and heavily wooded areas 
in the line of communication should he avoided. The use of 
the counterpoise permits a considerable latitude in the selection 
of the site because the counterpoise makes the set independent of 
ground conditions. Nevertheless very rocky soil should be avoided 
when possible. 

81-885. The mast is of the guyed type and is quite flexible, but 
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will break or jam at the joints if the mast is not properly erected. 
The mast should be erected in the following manner: 


31-180 


CHAPTER 31, 


(1) Drive main stake (the one with the yoke and bolt) using 
the wooden mallet. 

(2) Connect sections 1 to 6 inclusive of the mast, No, 1 being 
the bottom section. The mast is laid out on the ground in line 
with the steel tubing in the yoke on the main stake. The brass 
guy distribution plate is placed between sections 4 and 5 and the 
three separate guys (back guy and two side guys) are snapped 
in place on the plate. The fourth guy (forward) is already 
attached. 

(3) Insert in the lower end of the completed mast the piece of 
steel tubing on the yoke. The mast is then connected by the bolt 
to the U-shaped piece driven in the ground and is now hinged 
to the main stake. 

(4) Drive one large iron pin on each side of the mast and 
about 20 feet from the main stake in a line at right angles to the 
mast. Attach the two side guy lines to these pins adjusting the 
tension by the tent slides provided. These guys prevent sliding 
and swaying of the lower section during erection of the mast, 

(5) Drive another large iron pin in the ground near the point 
where the third and fourth sections of the mast are joined (when 
the mast is lying on the ground). Attach to it the back guy line 
estimating the tension adjustment of the tent slide by that previ- 
ously found for the side guys. Drive remaining large iron pin 
about 20 feet in front of the main post and in line with the mast. 
Unreel the front guy (erecting line), adjust heavy guy line per- 
manently attached to the guy distribution plate and lay it on the 
ground alongside the mast toward the last large iron pin driven. 

(6) Insert insulator in the top of the mast and attach the six 
antenna wires and the leading down wire. Two of the antenna 
wires are now unreeled to their full length including cord, one 
on each side of the mast and fastened to two small stakes, These 
stakes are in line with the first two driven for the side guys and 
the two antenna wires are laid out in the same direction as the 
side guys thus forming additional side guys for the top section of 
the mast to prevent side sway. Unreel the leading down wire an:1 
lay it alongside the mast in such position as not to be in the way 
when the mast is being erected. Unreel partly the four remaining 
antenna wires and lay the reels on the ground, two on each side 
of the base of the mast. 

(7) Connect together the two pole sections marked “ pike” and 
insert in one end the yoke piece having the wocden stem. 

(8) One man is now detailed to raise the mast about 3 feet at 
the point where the guy lines are attached by lifting the mast by 
hand. <A second man is now detailed to place the voxe of the 
pike pole under the mast immediately under the lower side of the 
guy distribution plate. The first man now leaves the mast in the 
hands of the pike man and takes hold of the heavy forward guy 
at the far end (near the larger iron pin). The two men now lift 
the mast, working together until it is perpendicular. It is then 
held in this position while the back stay is adjusted to have the 
proper tension and the forward erecting line is attached to the 
large iron pin and adjusted for tension, 
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(9) Unreel the four remaining antenna wires and make them 
fast to the four small iron pins provided. The antenna wires are 
to be equally spaced at an angie of 60 degrees between the wires. 
The tension on the antenna wires is then adjusted, one at a time, 
with such readjustments as are necessary to make the mast 
straight. 

(10) Unreel the counterpotse wires, taking care not to kink 
the wire. The wire should be laid out from the base of the 
mast, making an angle of approximately 45 degrees with each 
other. 

The antenna wires should be unreeled by grasping the reel 
by the handle and walking away from the mast. If three men 
are available for erecting the mast the third man can aid in the 
erection by pulling on the antenna wire in line with the forward 
erecting guy. 

31-886. The instructions for taking down the mast are as oe down 
follows: 

(1) Reverse the order of procedure given for erecting the mast 
except that the man with the pike will “eatch” the mast when 
jt is part way down on the upper side of the guy distribution 
plate instead of on the lower, so that the pike will not slip on 
the mast. After the mast is down it is well to reel up all wires 
and guys, as the reeling can be dene more easily when these are 
still attached to the mast. In reeling up, hold the reel by the 
handle and revolve the reel by using the short piece of brass 
tubing provided as a handle, Do not attempt to wind up the 
wire by hand, but use the reel, turning it over and over in a 
direction away from the body. Keep a slight tension on the wire. 

(2) Great care should always be exercised in handling the 
eounterpoise and, when reeling in, do not allow the counterpoise 
wire to kink. The wire should be wound on the hand and elbow 
with a long, free motion, Do not drag the wire on the ground— 
walk up on it as it is being reeled in. 

31-887. (1) This apparatus should be located close to the foot saa r Etta aes 
of the mast. It may be raised above the ground for easy oper- chest. ; 
ation by placing it on suitable supports. The box is then opened. 
The front portion of the chest may be slid out. This leaves the 
entire front part of the case open to the operator, making it 
easier to send and receive. The wing nut permanently attached 
to the removable front cover may be used fo attach the latter 
to the cover of the transmitting case, so that the top part of this 
case Inmny be held in an upright position during use. Means are 
provided for holding the top open securely (when opened to the 
90° position), so that it will not accidentally close during 
operation. 

(2) The antenna lead-in and counterpoise connections can then Connectlons. 
be made to the transmitter and receiver case, as well as the 8-con- 


(3) The transmitter and receiver are similar to the usual Navy Transmitter 
apparatus. A complete diagram of the connections is secured on and receiver. 
the left-hand side of the box. In addition a complete set of 
operating instructions is furnished with each set. The transmitter 
has a wave-length range of from approximately 200 to 1,200 
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meters with the standard portable antenna and is provided with 
an inductive coupler and wave changer. The primary circuit 
is adjusted to the following 5 wave lengths: 450, 600, 750, 950, 
and 1,200 meters. Any other wave length within the range can 
be used, It is usual to use a fixed coupling between the primary 
and secendary coils of about 8 inches, as this allows room for any 
necessary variation in the coupling. The procedure for tuning 
has been covered in section II(A), part 3. 

Power unit. 31-888. (1) The power unit for field work is usually driven by 
the gasoline engine. The following is the procedure for operating 
the engine: 

naa en- (a) Fill the gasoline and oil tanks. Open petcock in gasoline- 

supply line. Depress compression release and shut off the main 
air inlet of the carbureter by the button provided, so that a richer 
mmixture may be obtained in starting. 

(b) Crank engine at a high speed and release the compression- 
release rod as soon as the engine starts to run by its own power; 
also open the main air inlet and remove erank, 

Stopping em» (2) To stop the engine: 
EsBes (a) Press the compression-release rod until the engine 
comes to rest, 
(vb) Shut off the gasoline supply to the engine by closing 
the petcock in the gasoline-supply line. 
Hand crank- 31-889. When the alternator is driven by hand the compres- 


ing. ‘ ‘i i: 
7 sion-release rod on the gasoline engine should be kept depressed, 
as otherwise the compression will make cranking very laborious. 
PART 4.—-FAULTS AND REMEDIES. 
General. 31-890. The faults that may occur in either the transmitter or 


receiver have been fully covered elsewhere in this manual, The 
power unit may develop the following faults: 
Fatlure of the 31-891, (1) This is usually due to exciter trouble. The brushes 
generator to gen- ‘ ‘ . 
erate. are either not making good contact with the commutator or the 
commutator is dirty. A small piece of sand paper is supplied 
with each set for the purpose of cleaning the commutator. It 
should be held lightly against the commutator while the armature 
is revolving. This will Senerally remedy the fault. In case 
this does not remedy the difficuity the brushes should be care- 
fully cleaned. If now the alternator does not generate the 
exciter and alternator field circuits should be inspected for open 
circuits. The exciter can be tested with a 110-volt lamp. If the 
exciter is found to be in good condition the alternator armature 
may be defective. Spare parts supplied with the sct are ample 
to repair any ordinary breakdown. 
_Pallure of en- 37-999, (1) Failure of the gasoline engine to operate may be 
eine to run 
due to— 
(a) Lick of gasoline. 
(U) Poor adjustment of carbureter (rare). 
(c) Faulty ignition, due either to fouled spark plug (usual) 
or a fault in the magneto (rare). 
(2) The speed obtained by cranking is always sufficient to 
start the motor unless one of the faults just mentioned exists. 
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(3) If the gasoline engine runs but not at a sufficient speed to 
give 500 cycles from the alternator it may be due to— 

(a) Poor adjustment of carbureter. If the choke is closed the 
engine will receive a rich mixture and will not develop full power. 
Open the choke and if the engine does not run at a high enough 
speed adjust the carbureter. 

(b) Governor may be sticking. 

(c) If the direct-current motor is coupled and is carrying a 
load at the same time that the alternator is being used, the engine 
will be overloaded and will not develop sufficient speed. 

(d) Do not run the engine if no oil appears in the oil gauge 
beneath the magneto. 

31-893. Do not use more than one light on the direct-current 
generator with full radio load being drawn from the alternator 
by the radio set because the engine will overheat. One light only 
ean be used under these conditions. 

31-894. When the set is being used on board ship and is driven 
by the gasoline engine the exhaust gases should be removed from 
the compartment rapidly. 

31-895. The counterpoise has a heavy insulation to prevent it 
from grounding. In case a kink or break in the insulation occurs 
the break should be taped carefully with rubber and empire cloth 
tape. 

31-896. The 3-KW. portable field set is ruggedly built and will 
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Care of coun- 


terpoise. 


General in- 


spection and 


stand a moderate amount of handling such as is encountered in care. 


ordinary service. Broken connections, loosened supports, and 
other faults will develop if the set is handled roughly; therefore, 
care in the transportation and storage of the set should be exer- 
cised. After use in the open or after exposure to sea air, rain, 
ete., the set should be carefully cleaned and dried and put into 
condition for use with the next landing party. 


Section IX.—Rapro Compass EQUIPMENT. 


PART 1.—GENERAL. 


31-900. The purpose of the radio compass is to permit the de- 
terniination of the absolute direction and geographical position 
of a radio transmitter. The principle involved in both ship and 
shore radio compass installations of the U. S. Navy is the same 
while the operation and equipment of the two types of installation 
differ slightly on account of the particular requirements. 

31-901, The radio compass station on shore is located at ad- 
vantageous points along hazardous coast lines or at important 
harbor entrances for the purpose of providing bearings from 
known positions to the vessels navigating in the vicinity. Where 
two or more stations are located adjacent to a particular harbor 
entrance, two or more simultancous bearings of a yessel may be 
obtained, this furnishing a fix which will enable the vessel to plot 
its position. This is accomplished by building stations in groups 
of two or more and connecting them by telegraph or radio and 
by using one of the stations in the group as a central station, 
where the observed bearings are plotted and then forwarded to 
the vessel. 


Purpose. 


Shore stations. 
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Ware lensth. 31-902, The wave length allocated to shore radio compass traffic 
is 800 meters, All radio compass work with shore is conducted 
on this wave length alone. 

Ship stations, 31-903. (1) The radio compass hus been installed on certain 
types of Naval vessels for the purpose of enabling commanding 
officers to determine the true bearing from the vessel to another 
vessel or fo a radio station on shore. Such installations determine 
along what line a given transmitter lies, but do not indicate the 
absolute direction. This is due to the fact that the radio com- 
pass receives equally well from two diametrically opposite points 
and, for this reason, there exists an ambiguity in direction of 
180°. In order to determine direction it is necessary that the 
observing vessel make two observations with a run between. When 
the course and bearings are plotted, the position of the transmitter 
is indicated by the intersection of the two lines of bearing. 

(2) The radio compass aboard ship determines the direction of 
the transmitter relative to the heading of the ship: therefore, to 
obtain the true bearing, the heading of the ship must be observed 
simultaneously with the radio compass bearing and applied to the 
latter. 

(3) The 180° ambiguity also exists in the shore station instal- 
lations, but, due to the fact that a bearing from a vessel would not 
come from inland (there are a few exceptions to this in the case 
of river navigation when the vessel is near the mouth of the 
river), this discrepancy would not oceur. The possibility of the 
direction of the line of bearing being in error by approximately 
180° is entirely eliminated in the case of group stations, because 
the intersections of the lines of bearing would indicate in whieh 
direction the transmitter is located. 

Degrce of ge- 31-0904. The possibility of obtaining satisfactory results with the 

eeEEy radio compass on shipboard has been established by the experience 
cf numerous navigators. It is more difficult to obtain an aecu- 
racy comparable to that obtained at shore stations on account of 
the metallic structures in close proximity to the coil system, the 
dissymmetry of the vessels as well as of the lack of experience of 
the radio personnel. Despite these adverse conditions it is entirely 
possible to obtain radio bearings having the same degree of 
accuracy as that obtained by the usual means of navigation. 

i enone 31-905, In order that the desired conditions just mentioned may 
be the rule rather than the exception, it will be necessary for 
officers in charge of the installation, calibration, and operation of 
the radio compass equipment on ship and shore to make certain 
that the installations are made in conformity with the standard 
practice, that the calibrations are conducted with extreme care 
and accuracy, and that the equipment is operated intelligently at 
regular periods, in order that the personnel may become expert 
and reliable. 


PART 2.—-THEORY. 


Antenna isnon- 31-906. The antenna of moderate horizontal dimensions ix non- 

directional. < a ny: a : 
directional, This can be proved by moving the radio transmitter 
so as to make a complete circle about the receiving antenna and 
plotting the emf induced in the antenne against the angular posi- 
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tion of the transmitter. The resulting polar diagram will be a 
circle showing that the emf induced in the antenna is the same for 
reception from all directions. Therefore, the signal will not vary 
in intensity and the direction of the transmitter can not be 
determined, 

81-907. (1) If a loop consisting of several turns of wire wound 


31-185 


Directional 


characteristic of 


on a fairly iarge form is arranged for receiving, as shown in loop. 


figure 81-45, so that it can be rotated on a vertical axis, the loop 
will make a varying angle with the direction of the seurce of 
electromagnetic waves produced by a fixed radio transmitter. If 
the emf induced in the loop is plotted in a polar diagram against 


RECEIVER 
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Fic. 81-45 — Arrangement of radio-compass coil and apparatus. 


the angular position of the loop, the resuiting curve will be 
similar te that shown in figure 31-46. This is called the figure 
8, or bilateral characteristic curve of the leop. Figure 31-45 
shows a top view of the coil and the dial which is securely at- 
tuched to the vertical shaft of the loop. The pointer in this 
case is set on the north-svuuth line. It will be seen from the 
position of the figure 8 curve that a maximum signal will be 
received when the transmitting station is either east or west 
of the loon—that is, when the plane of the loop coincides with the 
east-west Hine. Now, if the transmitting station were on the 
north-seuth line it would not be heard. Thus it is clear that two 
miximum and minimum points are passed through as the loop 
is rotated through 360°, 
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Emf's in loop. (2) The electromagnetic wave from the transmitter passing 
through the loop induces in the vertical sides of the loop equal 
emfs which are slightly out of phase. The resultant emf, which 
is extremely small, sets up a flow of current in the loop. This 
current either lags behind or leads the electrical component of 
the wave by 90°, 

mine and (3) The maximum signal will be reccived when the plane of 
positiens, ss the loop coincides with the line of bearing of the transmitting 
station, As the loop is rotated from this position the signal will 
decrease in strength, finally becoming zero when the plane of 
the locp is at right angles to the direction of the source. The 
maximum signal method of determining direction is not used in 
radio compass work because the bearing cannot he determined 
very accurately. This is made clear by the shape of the 
characteristic curve. It will be seen, however. that the point 
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Fis. $1-46.—Top view of radio-compass coil and dial. 


of zero signal is very sharply defined and for this reason the 
mui method is used for determining direction. 
pleut sp- 37-908. The previous discussion relates to the theory of an 
ideal compass system acted upon by an undistorted electromag- 
hetic wave. This condition is not realized in actual practice, 
The departures from the ideal compass are due to the defects or 
honsymmetry of the apparatus itself and to the distortion of the 
electromagnetic wave before it renches the coil. The defects and 
honsymmetry of the apparatus can be compensated for to a large 
extent. The distortion of the wave, due to refraction, diffrac- 
tion and reflection can be partly eliminated by a proper choice 
cf the location of the station. 
Maximum 31-000. It was stated above that all bearings are obtained by 


Method used o : oat sys 
air craft. *Ubserving the position ef the coil in relation to true north when 
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the minimum signal is being reached. This holds for all ship 
and shore radio compass stations but not for aircraft instala- 
tions where the maximum method is frequentiy used; therefore, 
in order to make an accurate observation, it is essential that the 
minimum be clearly defined and cover as small an arc (zone) as 
possible, er better still, that there be a point on the are at which 
no signal is heard (null point) such that the slightest change from 
this will result in the signal being heard, 

51-910, The above applies to a perfect compass. In practice 
the null point is seldom found, but in its place there is either a 
zone of minimum signal or a zone of silence caused by the non- 
symmetry of the apparatus, reradiation, and intensity of signal, 
etc. The length of the zone of silence is decreased as the signal 
strength is increased. The breadth of this zone determines the 
possible accuracy of the equipment. Therefore, by the proper de- 
sign of the circuit and with sufficient amplification this zone of 
silence can be reduced to approach the null point as a limit. 

31-911. The most common cause for the destruction of the null 
point in the practical radio compass is the antenna effect. This 
effect is due to the electrical dissymetry of the radio compass 
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Irie, s1-47.—Diagram showing electrical dissymmetry of the practical 
radio compass. 


circuit. Consider figure 31-47 where the radio compass coil is 
installed above a symmetrical Faraday cuge containing the receiy- 
ing apparatus and the operator. The terminal from the vertical 
side of the ccil marked La is connected to the filament of the 
vacuum tube of the receiving apparatus (detector or amplifier) 
while the side marked Ls is connected to the grid. An electrical 
dissymmetry exists on account of the unequal capacities to ground 
of the filament Ca and of the grid Cv caused mainly by the prox- 
imity of the filament battery to ground. This unbalancing cf 
the circuit permits the coil to function additionally as an open 
oscillator. Therefore, when the plane of the coil is at right angles 
to the direction of the propagation of the electromagnetic wave 
and the current induced in the coil is zero there is also a current 
induced in the circuit due to the coil system acting as an antenna, 
For this reason the zone of silence is obscured by a residual signal 
having a practically constant intensity. This disturbing effect 
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is eliminated hy restoring the symmetry ef the circuit ny the addi- 
tien of sufficient capacity from the grid to ground to balance 
that of the filament to ground. This capacity C, is called the 
compensating condenser and consists of a small continuously vari- 
able air-dielectric condenser which is thoroughly shielded and has 
a very sm2il capacity at zero setting. 

31-912, The presence of the antenna effect and the use of an 
artificial capacity balance makes it necessary to use extreme care 
in tuning the circuit because any adjustment of the compensating 
eondenser C, will disturb the wave length of the circuit and re- 
quire a readjustment of condenser C;. This change in wave length, 
or detuning from resonance with the incoming signal. causes a 
shift in the position of the minimum, thereby giving rise to an 
error in the determination of direction. 

31-913. More freedom from interference and the possibility of 
decreasing the length of the zone of silence is obtained with the 
use of a coil system having a very low radio frequency resist- 
anee. A low resistance circuit is especially important when 
the nonoscillating detector followed by audio-frequency amplifi- 
cation or the radic-audio-frequency amplifier ig used. On the 
ether hand, if the autodyne or heterodyne method of reception 
is employed the resistance of the lcop does not count. 


PART 3.—DESCRIPTION. 


31-014, There are four standard types cf radio compass eru'p- 
ment in use at the present time in the naval service on ship and 
shore, These may. for convenience of description, be Classified 
as groups A, B, C and D. Groups A and B are shere station 
installations. comprising the standard type SE 515A coil system, 
commonly known as the 6-foot coil, a suitable receiver designed 
both for osciNating and nonoscillating conditions, audio-frequency 
amplifier, compensating condenser and the necessary auxiliary 
apparatus. Groups C and D are the present standard for instal- 
lation on destroyers and similar vessels. Group © consists of the 
type SE 895 radio compass coil system, SE 1012 receiver and the 
SE 1000 amplifier. Group D, which is the standard type SE 1512 
radio compass, comprising the type SEH i512 coil and shaft sys- 
tem and the type SE 1440 receiver, presents several innovations, 
the principal one being the control of inductance in the loop. No 
standard compensating condensers have been developed as yet 
for groups C and D. 

31-915. The type SE 995 radio compass, which was the first 
to be put into general use in the naval service, was designed for 
determining the direction of a transmitting station employing 
either damped or undamped oscillations, within a range of wave 
lengths whose limits were 100 and 1,000 meters. This type was 
intended primarily for installation on destroyers, 

31-016, Subsequently, the type SE 535, superseded by the type 
SE 515A, was developed. This was likewise designed for both 
damped and undamped wave reception, with an operating range of 
from 450 to 1.500 meters. The purpose of this type was for use 
at shore stations, whose function is to furnish bearings to all 
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types of vessels. These shore stations are located in groups with 
ample base lines to furnish accurate cross bearings, enabling a 
navigator to determine the position of his vessel. 

31-917. (1) The type SE 1512 is the latest type of radio com- 
pass for installation on destroyers, In efficiency, it greatly ex- 
ceeds the type SE 995, due to the increased dimensions of the 
coil system, the improved receiver and amplifier, type SE 1440, 
and the novel feature of a switching device for altering the induct- 
ance in the coil system, which permits a high ratio of inductance 
in the loop to tuning capacity throughout the operating range of 
Wave lengths. 

(2) There are four steps of loop inductance controlled by the 
switching knob on the end of the shaft, corresponding to the four 
inductance steps on the receiver. The purpose is to enable the 
operator after tuning the incoming signal, using the auxiliary 
antenna in destroyer instaNations, as in an ordinary radio 
receiver, to throw over to “ compass,” adjust the loop inductance 
switch to correspond with the inductance step used on the 
receiver, which tunes the loop to the particular wave. 

(3) The wave length range of this type is from 200 to 1,150 
meters, and can be used both for damped and undamped waves, 

31-918. The component parts of these groups with their type 
nunibers are listed below. 

(1) Shore stations (Groups A and B): 

Group A— 
Six-feot coil system, with direct: reading dial, type 
SE 515A. 
Receiver, range with aboye coil, 450-900 meters, type 


SE-1440., 
Compensating condenser, range 15 to 300 wef (adjust- 
able). 


Amplifier, 3 stage audio-frequency contained in receiver, 
uxillary apparatus, comprising communication lines, 
pewer plants, ete. 

Group B— 

Six-foot coil system, with direct reading dial, type SE 
IBA, 

Receiver, range with above coil, 450-1,600 meters, type 
Sk. 1012. 

Amplifier, 2 stage audio-frequency, types SE 1000, LOGOA, 
1000B, 1000C, or 16004. 


Compensating condenser and auyi in 
group A. 
(2) Ship Stations (Groups C and D): 
Group C— 


Coil system and shaft type SE 995. 

Receiver range with above coil system 200-1200 meters 
type SE 1012. 

Amplifier, 2 stage audio-frequency, type SE 1000, 1000A, 
1000B, or 1000C, 

Auxiliary apparatus comprising charging panel, gyro- 
ceupass repeater and communication to bridge, 
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Group D— 

Coil system and shaft with switch for varying the in- 
ductance in the coil, type SE 1512. 

Receiver, range with above coil system, 200-1150 meters, 
type SE 1440. 

Amplificr, 3 stage audio-frequency contained in receiver. 

Auxiliary apparatus comprising a charging panel, gyro- 
compass repeater, and communication tubes to the 
bridge. 

Pare renee 31-920. (1) Intercommunication between the various radio 

tious). compass stations of a group is ipaintained by means of land lines, 
the central radio compass station only being equipped with a 
radio transmitter. For this purpose it is the custom to simplex 
the United States Coast Guard telephone lines, thus establishing 
a means of communication which is independent of the telephone 
circuits, and in turn does not interfere with the telephone service. 
As the current flowing through a line which may be many miles 
long is quite feeble, it is necessary to use a relay to which may 
be connected either a sounder or a radio buzzer. 

(2) The central radio compass statiea of the group is pro- 
vided with a radio transmitter of sufficient power to communicate 
with vessels requesting bearings. This necessitates an antenna, 
the proper location of which is important. In connection with 
this there is required (@) a clapper switch for starting the 
motor generator, remotely eontrolled from the radio compass 
house; (b) a signaling relay, also controlled from the compass 
house: and (¢c) an anchor gap which effectively disconnects the 
antenna system from the transmitter when not in use. It is 
imperative that this anchor gap be properly adjusted since the 
antenna system, if connected to earth through the transmitter 
which is tuned, would cause serious deviations in the radio 
compass. 

tan er eae 31-921. Intercommunication between the radio compass sta- 

tions). tion (after radio room on destroyers). the main radio station and 
the bridge, is effected by means of voice tubes. 

(bare eatin). 81-922. Radio compass stations having radio transmitters are 
supplied with a 3-kilowatt ¢as engine driven generating plant 
and a 120-volt, 210 amphr. storage battery ; also one $-kilowatt gas 
engine charging unit for charging the receiver batteries. These 
without radio transmitters are supplied with two 4-kilowatt, 
20-volt, gas engine driven generating plants, with one set of spare 
parts. Stations located within reach of a power tine are equipped 
with (1) motor generators, (2) mercury rectifiers, or (8) Ding- 
netic rectifiers, for charging the hatteries. In ship installations 
the ship’s pewer mains are used for this purpose. 

ee rains pan. 81-923. These are supplied in both ship and shore instala- 

™ tious to control the power for battery charging. 

Batteries (pow- 21-924. For the isolated radio compass station with a radio 
er). transmitter, a 120-volt, 210 amphr, battery is supplied. There are 
two types standard—the Exide and the U. S. Lead. 

Battoriea (re- 31-925. The 6-volt, 80 amphr. (Edison) or lead plate, is the 
ceiver). standard for the A battery, There are two standard types of B 
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batteries—(1) The type SE-3535A; (2) The Edison B battery, 
types CU-887 and CU-1707. 
31-9296. The type CW-834 is the standard head set. Telephones. 


PART 4.--INSTALLATION OF RADIO COMPASS EQUIPMENT ON U.S. Naval 
VESSELS, 


81-927. (1) The location which has peen established as stand- Destroyer tn 
ard on destroyers is in the forward-port compartment of the after stallation. 
deck house. 

(2) Communication with the bridge is obtained by means of & Communication 
voice tube and call bell. with bridge. 

(3) In the same compartment with the radio compass equip- Additional 
ment is installed a small auxiliary quenched-spark transmitter of *ulpment. 
about one-quarter or one-half kilowatt capacity, with an emier- 
gency storage battery and suitable charging panel. In some cases 
the storage battery is installed in a locker just across the passage 
way from the compass compartment, otherwise in the same room 
with the transmitter. 

(4) The various metallic structures surrounding the loop will | Treatment A 
produce deviations of varying magnitude unless certain precau- structures. 
tions are taken. The stays to the after mast should be broken, 
near their upper ends with strain insulators and securely grounded 
to the hull of the vessel at their lower ends by means of flexible 
copper jumpers. The safety railing placed around the edge of 
after deck houses on some destroyers must not extend around the 
compass coil house. This railing should end at points several 
feet from the coil house, and it is advisable to insert nonmetallic 
rope horizontal members in place of metallic rail adjacent to the 
compass coil house. If the space surrounding the loop is occupied 
by metallic lockers or structures of a similar nature, satisfactory 
performance can not be expected. Closed metallic loops and metal 
structural details in close proximity to the compass coil cause 
excessive deviation. 

(5) The lead from the after half of the auxiliary antenna is Antenna lead. 
brought into the compass compartment for use with the auxiliary 
transmitter. This lead should be run through a grounded metallic 
antenna trunk, the top of which must be at least 18 inches above 
the top of the coil house to the entering insulator. 

(6) All radio compass bearings are taken as angles turned from — Setting of dial. 
the center line of the ship and the bow as zero degrees. In order 
that this may be accomplished the dial must have the correct 
relative position with respect to the loop. The pointer should be 
placed on the underside of the bearing support so that the dial 
reading may be easily observed by the operator. The loop should 
then be turned so that the plane of the turns is at right angles 
to the center line of the vessel and the dial made to register 0° 
or 180° and clamped tight to the shaft. In order to place the 
dial on the shaft it will be necessary to remove the handwheei 
and switch control knob. These iwu parts should be replaced in 
their former position after the dial has been placed. 

(7) The tuning of the auxiliary transmitter is properly a part trite. of 
of this installation work and may be advantageously accomplishe 
at this time. 
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Amplification. (8) With a wavemeter in operation on the upper deck distant 
about 6 feet from the loop the various stages of amplification 
should be tested. The usual increase for each step should be 
checked as well as the tendency to howl, Howling may some- 
times be traced to an open loop circuit and in this case the con- 
tact fingers should be inspected. 

Oscillation, (9) Both of the receivers used for compass duty should give 
strong oscillations over the working range of wave lengths. 
Reversed batteries, open loop circuits, er metallic closed loops in 
the vicinity of the loop will prevent oscillations. An extremely 
sensitive test for the quality of contact at the loop collector rings 
consists of rotating the loop while the circuit is oscillating. If 
there are neither grinding nor clicking noises an excellent in- 
stallation is indicated. 

pmo cats ofmin- (10) It is desirable that some investigation be made as to the 
quality of minima obtainable. In extreme cases the capacity of 
the compensator may not be sufficient. This should be determined 
and corrected before the vessel leaves for calibration, 

Calibration for (11) The dial of the loop condenser should be marked in red 

wave length. at the tuning points for the standard waves within the range of 
the apparatus. This dial may then be marked when the receiver 
is being used with the antenna. 

all type ae Yess 31-928, (1) The compartment which has been assigned for 

sels, Space re- compass equipment on destroyers represents about the minimum 

guirements. space in which such an installation can be made, A compart- 
ment at least 6 feet square is desirable if the operator ig expected 
to stand duty for an appreciable length of time. The practice of 
installing the compass in the same compartment with the service 
radio installation, while being more compact, is not particularly 
desirable from the consideration of compass operation. When 
it is instaNed in the radio compartment it is difficult so to carry 
the antenna lead that it will not seriously affect the compass, 

Symmetry with (2) The metallic hull of a vessel has an important influence 

respect to the ‘ : ; . . . 

bull. on the direction of travel of the incoming radio waves, Instead 
of continuing in a straight line the wares are bent and tend to 
follow the length of the vessel. It is this condition which pro- 
duces the major portion of the deviations noted. Therefore, it is 
desirable to have the installation So located with respect to the 
hull as to distribute the deviations symmetrically. 

Height above (3) The advantage gained by any particular height is small, 

decks. provided the height is 6 feet or over. This dimension refers to 
the loop itself and not to the operating room, and is subject to 
the further condition that there be no metallic superstructure 
Within 50 feet of it. If such a spacing is impossible to obtain at 
any point on the vessel it is advantageous to mount the loop above 
all superstructure except the funnels and stacks. 

Mast staya. (4) Should the location selected place the compass loop in the 
vicinity of a mast the mast stays must be broken by strain in- 
sulators at a point near their upper end. Electrical jumpers 
should be attached to the lower end of stays and the metal struc- 
ture of the vessel in order that the electrical conditions of these 
stays will remain constant, 
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(5) Antenna leads will cause wide deviations which, further- Antenna leads, 
more, will vary with different conditions of the antenna circuit. 
It is, therefore, extremely desirable to locate the radio compass at 
some distance from all antenna leads. If such a location is im- 
possible the influence of the antenna lead may be reduced by 
carrying it in a grounded trunk to a point above the top of the 
compass loop. Precautions will then be necessary to keep the 
antenna in the condition obtaining during calibration at such 
times that the compass is being used. 
(6) If the compartment provided for the instruments is note) sucaine 
of metal it will be necessary to line it completely with a fine 
mesh copper screening. This lining should include the doors 
with suitable grounding strips to complete the shield when the 
door is closed, and screening over all of the ports, 
(7) The loop system should be mounted on the deck over the one om ef 
operating compartment so that the control shaft will extend into 
it. 
(8) The equipment should be placed within convenient reach Arrangement 
> “ of instruments. 
of the operator and at the same time well away (approximately 
4 inches) from the grounded screening or metal bulkheads. The 
batteries must be kept above metal decks and the leads run 
directly and as short as possible. No two leads should be lashed 
together but are to be run separately and well supported. 
(9) The tests necessary to insure that the instaNation is opera-, Test of Instal- 
tive were given in paragraphs (7), (8), (9), and (10), Article ee: 
31-927. The installer should lay particular stress upon the cendi- 
tion of surroundings in giving instructions to the operators. It is 
particularly desirable that a system of communication with the 
bridge be available in order that the bearings obtained by the 
compass may be intelligible, since they are dependent for their 
true direction upon the heading of the ship itself. 


PART 5.—INSTALLATION OF U. S. NAVAL RADIO COMPASS SHORE 
STATIONS, 

31-929. The problem of deciding upon the leeation of a compass | Esteblishment 
station merits considerable study. It should entail a thorough ca 
investigation of the local shipping, the relative position of existing 
compass stations or groups of stations and the military value of 
the proposed location, Thus, the placing of each station bears an 
important relationship to the entire compass system of that coast: 
and since the expense involved is considerable, the location selected 
should not be considered final until every factor has received 
attention. Should service requirements meke imperative the 
placing of a station in an unfavorable locality from an electrical 
point of view a trial calibration should be made. 

31-930. (1) The usual arrangement is a group of stations place] arrangement 
at the entrance of sonie port or harbor, The various stations in of stations fr 
the group are interconnected hy some method of communication 
te a control station having a radio transmitter, The stations in 
the groups take observations simuitaneously upon the vessel 
requesting radio compass service. These observed bearings are 
transmitted to the vessel to be plotted by the navigator. The in- 
tersection indicates the position of the vessel at the time the obser- 
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vations were made. If there are more than two stations involved, 
the accuracy of the work will be indicated by the precision with 
which any bearing crosses the intersection of the other two. 

(2) The accuracy with which the intersection of lines may be 
determined is some function of ,the angle between them. For 
acceptable results the angle between compass bearings should not 
be less than 20°. Since group stations are expected to give service 
up to distances of 100 miles, the condition is dictated that the 
separation between the extreme stations of the group be not less 
than 15 miles measured parallel to the coast line. With this base 
line, equal accuracy may be preserved up to within a mile or su of 
the coast. Local conditions may require that a third station he 
located in addition to the other two. 

31-931. Badly broken coast lines are to be avoided if smoother 
ones are available. Operation behind uniform level coast lines is 
much more consistent even though this desired condition only 
obtains within the immediate locality of the station. 

381-932. Sites in the proximity of swamps or where conditions 
vary greatly with the weather are to be avoided. A large gully 
in the vicinity which is normally dry but which retains water 
after a rainfall will generally cause inconsistent deviations. Hills 
in the vicinity may produce excessive deviation as may deeply 
wooded sections or metallic veins in the earth. If any suspicion 
exists regarding such a location resort should be made to a trial 
calibration. 

31~933. Any structure, the conductivity of which is indetermi- 
nate, will produce marked effects upon the operation of a radio 
colipass within its vicinity. Under this category are communica- 
tion lines, metallic towers or buildings, or even buildings con- 
taining electric wiring or piping. Two hundred feet, at the least, 
must separate the radio compass from any of the above, and in 
no case should the structure in question be between the compass 
and the sea within the working sector. 

31-934. The true meridian must be accurately determined at 
every station. The methods for abtaining this data are trouble- 
some and rather involved when no reference points are visible. 
Considerable data may be obtained from the Coast and Geodetic 
Survey or the Hydrographic Office pertaining to numerous points 
of reference which have been established during their marine 
survey work. If any such points are visible from the station much 
future labor will be avoided. 

31-935. The structures which comprise a radio compass station 
include a compass house, quarters for the personnel, a power 
house, and a shed for fuel storage. Together with these will be 
considered in this chapter the antenna and underground cables. 

31-936. The distribution of the various structures will be in- 
fluenced somewhat by the size and shape of the plot available. 
It is imperative, however, that the compass house be 200 feet to 
the seaward of any other structure on the reservation. The dis- 
tance between the quarters, power house, and fuel shed should 
be about 50 feet in order to reduce fire risk. If an antenna is to 
be erected it should be at right angles to the coast line and 
centered over the power house. 
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31-937. Very specific plans and specifications have been pre- 
pared for the erection of the radio compass house. That every 
detail be as planned is most important, since the satisfactory op- 
eration of the equipment depends upon the proper surroundings. 
The design has been evolved from considerable experience and 
study and is not to be deviated from in any detail. The founda- 
tions should be carefully placed in order that there will be no 
settling or vibration during storms. No metal sheet nor strip 
is to be used in the construction of the roof or platform. Before 
the floor sills are placed a sufficient amount of underground cable 
must be buried at least a foot deep in a trench running under the 
house to a point directly under its entrance into the building. A 
proper length of cable end should be allowed to extend up through 
the floor of the house, with about a foot to spare for splicing. At 
the point where the cable leaves the ground a section of pipe must 
be sunk to ground water, a stout copper conductor attached to it 
and brought up with the cable ends. If it is found impossible 
to reach ground water the pipe should be omitted. 

31-938. (1) The standard plans provide that a complete shield 
be installed inclosing the portion of the building directly under 
the cupola. It is particularly important that attention be given 
the correct installation of this shield; all joints must be continu- 
ously soldered. The shield is to be protected after installation 
by an inside layer of finishing boards on the walls and parti- 
tion. The partition finish is to extend 4 feet from the floor only 
in order that ventilation may be obtained. The communicating 
door is to be entirely covered with the screen, and flexible con- 
ductors provided around the hinges to the main screen. The 
shielding over the windows should be carried around the opening 
to the outside before the window framing is placed and then 
stretched tightly over it on the outside. The trapdoor to the 
loop compartment should not be omitted. Its covering of screen 
must make good contact to the ceiling shield by means of copper 
bearing strips. The ceiling shielding must be fitted thoroughly 
around the under side of the opening provided for the loop 
bearing. 

(2) After a suitable conductor has been carefully attached to 
the floor shield a covering of linoleum should be laid both inside 
of the shielded section and in the office. 

31-939. It is absulutely essential that a good ground system 
be installed at the compass house by burying wires in a manner 
similar to that employed for transmitting stations, but not so 
extensively. The screening of the operating room is to be con- 
nected to the ground systen) at several points by carefully bonded 
joints. 

31-940. Lead-and-armor cable is to be used for the under- 
ground stretches. A_ sufficient number of conductors must be 
provided to suit the conditions. Telephone or telegraph lines 
must be run in a separate cable from power or control lines. 
The cables should be buried one foot underground if possible and 
run in as straight a line as possible between the compass house 
and the power house, 
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cali thew et 31-041. Two complete wave-length calibrations should be made 
and the results plotted on cross-section paper. Using the type 
SE 1440 receiver with 14 turns on the loop, the wave-length range 
‘with the compensating condenser set at zero should be from 500 to 
1,000 meters. These values are approximate and dependent upon 
variations in the leads to the leop and in the receiver itselZ. 
This test should be made with the key switch on the receiver 
thrown to “compass.” The SE 1012 receiver may now be set 
up and the number of turns on the loop reduced to 10. Several 
curves must he plotted for this receiver for the various secondary 
inductance taps. The “unilnteral-bilateral ”’ switch should be 
thrown to “bilateral” and the “tuned-untuned ” switch to 
“tuned.” During these calibrations the various steps of ampli- 
fication should be tried. The driving source for the work may be 
a wavemeter placed on the floor of the loop compartment. 
Test for oseil- 31-942. A complete test should he made with both receivers for 
lations. : . + as . : wos 
oscillations, No difficulty should be experienced in obtaining 
them on any inductance tap or at any point of the condenser, 
During the test for oscillations the loop should be orientated 
and no noises should he heard from poor contact in the slip 
rings. 
mat for mini- 81-943. If all tests of the receivers have been favorable, the 
amplification should be increased to a maximum and several 
bearings taken on any signals which may be heard. Two very 
distinct minima should be observed. 
cn ot 31-944. When the tuning and compensating condensers have heen 
condeuser, carefully adjusted and with receiver oscillating, minima should 
be obtained on near-by transmitters not over one-tenth degree 
wide with complete silence in this region (assuming there is no 
interference), After the completion of the tests the SE 1449 
receiver with 14 turns on the loop should be left as the standard 
arrangement. 
Communication 31-945. Actual communication should be carried on to insure 
instruments. that the lines are operative. 
Reeocd of 31-946, A complete record should be made in Form N. Eng, 25.4 
equipment, of the entire equipment, including type and serial numbers of the 
instruments, whether a complete set of spares has been provided, 
and any particulars which pertain to the installation -and are at 
variance with standard. 

Performance 81-947. Under th’s heading may be mentioned antenna radia- 
data. tion, character of minima, receiver calibrations, and any other 
data which will be of value for future comparison, 

General tafor- 31-948. (1) A record should be made of the surrounding land, 

mation regard- . . sus toe 

jug station, structures and their relative position, data pertaining to trans- 
portation facilities available, names of agents supplying fuel and 
supplies, This report is to be kept as a part of the files of that 
district, hecause much valuable time may often be saved if this 
information can quickly be obtained. 

(2) After the calibration of the station has been completed, 
the hearings of reference points employed during the work sheuld 
be made a part of this report. thereby collecting all of the data 
pertaining to that station under one cover, 
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PART 6.—CALIBRATION OF SHTP RADIO COMPASS INSTALLATIONS. 


31-949. (1) The fact that the electromagnetic wave front is 
distorted in passing over a vessel’s hull has been well established. 
The purpose of calibrating the radio compass on shipboard is to 
deterinine the magnitude of this distortion, technically known as 
deviation; also the direction in which the bending takes place, 
in order that these deviation values may be applied in subsequent 
operation of the radio compass. In practice these deviation 
values are the only correction that need be applied to radio- 
compass observations. 

(2) Effective operation of the radio compass requires a certain 
amount of skill on the part of the observer. which can not be 
expected of an untrained man. This skill can be developed only 
by constant application of the proper operating methods. 

(3) An idea of the utility of the radio compass should be borne 
in mind. The most important fact to be remembered is that the 
radio-compass bearings are relative bearings and that, in order 
to obtain the true bearing of a radio transmitting station, the 
heading of the vessel must be known. The present day radio 
compass on shipboard has reached such a stage of development 
as to be comparable in accuracy to other instruments indis- 
pensable to the navigator and its worth has been conclusively 
demonstrated under conditions as would render other navigation 
methods impotent. The potentiality of the radio compass as a 
military asset and as a device for lucating vessels in distress has 
likewise been well established. 

(4) As the effectiveness of future operation depends greatly 
upon the accuracy of the calibration, the necessity for painstaking 
care requires no further comment. 


31-950. The general scheme of calibration consists in the orien-), 


tation of a radio transmitting station about the radio compass 
while simultaneous observations are taken both visually and by 
radio compass. It is assumed that the ambiguity of the radio 
compass (that is, the fact that two bearings, approrimately 180° 
displaced are obtainable) is common knowledge. The fact that 
the two bearings are only approximately 180° displaced is the 
most important fact to be remembered. Therein lies the difficulty 
of utilizing the bilateral compass on shipboard, where the operat- 
ing sector is 860°. This difliculty has been overcome by utiliz- 
ing what is known as the half-scale method of calibration. 
To understand this method clearly, picture the calibrating vessel 
commencing her circuit of the vessel about to be calibrated at 
the bow and moving in a clockwise direction. From a position 
dead ahead to a position astern (0° to 180°) the radio compass 
hearings differ from the visual bearings only by the amount of 
the deviation. When the calibrating vessel has reached a radio 
compass bearing of 180°, the coil system is rotated to the region 
of 0°, and the bearing noted. This bearing, known as the re- 
ciprocal bearing, wilt not be exactly 0° when the direct bearing 
was 180°, due to the fact that the two minima are not exactly 
opposite. The calibration is continued in this manner on the 
port side of the vessel, the visual bearings of from 180° to 360° 
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corresponding to a second set of radio bearings of from 0° 
to 180°. 

(2) In the above description the 180-degree sector to be used 
was selected arbitrarily, but in practice certain peculiarities of 
the station should be used as a guide in this selection. It will 
usually be found that one minimum is much sharper than the 
other, except at two opposite points, where the minima are prac- 
tically alike. Between these points the sharper minima is al- 
ways on the same side; i. e., with the grid end of the coil in the 
same general direction, regardless of the side from which the 
wave approaches. In general, the minima are poorest between 
these axes of symmetry and best in their general direction. On 
new type destroyers the axis of symmetry usually bears about 30° 
and 210°, the sharper minimum occuring when the grid end of 
the coil is toward the starboard side of the vessel. In this 
“sharper sector” less capacity is required for compensation, and 
it is the logical sector to adopt for a half-scale calibration. 

(3) In this way only one of the two possible minima of the 
compass is utilized for the complete circuit of 360°, although 
there are two relative or true bearings corresponding to any radio 
bearing. In practice, it is impossible to determine the proper 
bearing from a Single observation, except in coastwise sailing 
where, knowing the vessel’s head, the proper bearing becomes 
evident. Where it is impossible to select the proper bearing, two 
observations must be made with a run between. The intersection 
of the two lines of bearing indicate the location of the transmitter. 

31-951. Previous to the actual calibration there are numer- 
ous details that require attention. It is most important that 
these be looked after so that no time will be lost during the 
eulibration. The details may be considered under the general 
headings of installation and operation. 

81-952, The most common cases of installation defects, their 
effects and remedies, follow: 

(1) The battery leads to the receiver are frequently run in 
lead-covered wire, which covering is generally grounded. This 
results in greatly increasing the capacity to ground of these 
circuits. 

(2) It is imperative that all radio compass circuits, both within 
the receiving cabinet, as well as the connection between the 
various pieces of apparatus comprising the unit, including also 
the batteries, be kept as far from the metallic hull of the vessel 
as is practicable. For this reason the connecting wires must not 
be encased in a metallic sheath. The batteries must be raised 
from the deck and set out from the bulkhead, and the receiver, 
especially the type SE 1440, which has a cabinet lined with sheet 
copper. must be kept at least 3 inches from the bulkhead. The 
leads from the compass coil necessarily pass into the brass 
shafting in order that the circuit be brought through the collector 
rings, but from this point they should be carried on column 
insulators down to the receiver. 

(8) Experiments have shown that if the athwartship stays 
of the main mast on destroyers are grounded at the deck and 
interconnected at the top the magnitude of the deviation will be 
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greatly increased, which is a bad feature. To cover this point 
the standard plans now call for the insertion of one porcelain in- 
sulator in each mast stay at the top, thus breaking up these loops. 
(4) The top side of the after radio room on destroyers has been Near-by metal 
objects and loose 
frequently used as a storage place for various metal drums, metal fittings. 
lockers, etc. The practice is a bad one and should be discouraged, 
as the presence of large metal objects near the coil may cause 
considerable deviation. When the vessel is under way the vibra- 
tion of these objects, as well as the vibration of loose guardrails, 
will cause interfering noises in the receiving apparatus. A 
general inspection of all objects in the immediate vicinity of the 
compass coil housing should be made, and will undoubtedly amply 
repay the effort, as these disturbing features have frequently 
interfered with calibration. 
$1-953. (1) The most common defects in apparatus are: Testing radiee 
(a) Defective receivers and amplifiers. ment. eautp 
(b) Commutation (DC) noises. 
(ce) Dirty collector rings. 
(2) Very thorough tests should be made of the receiving appa- 
ratus previous to calibrating, noting the control of oscillations or 
the presence of excessive noises in the telephones, particularly 
with receiver oscillating. 
(8) A tuning calibration of the receiver should be made by 
coupling a wavemeter to the compass coil. Curves should be 
pletted and the tuning condenser dial of the receiver suitably 
marked. his tuning calibration is a very good method of testing 
the operation of the receiving apparatus. 
(4) While testing the receiving apparatus the coil system 
should be rotated to note the condition of the collector rings. 
Dirty collector rings will cause very loud and grating noises in 
the telephones, especially with receiver oscillating. The rings 
may be cleaned with either an oiled rag or the fingers or, if scri- 
ously corroded, the use of crocus cloth is recommended. If these 
rings are thoroughly cleaned no noise will be heard while rotating 
the coil system. 
(5) Following the tests of the receiver, the quality of the 
minima and the operation of the compensating condenser must be 
tested. Any powerful near-by radio station may be used for this 
purpose, In taking a bearing, whether during calibration or in 
subsequent operation, all antennas must be open—not grounded. 
81-054. Previous mention has been made that two minima are, fctting the 
obtainable on any particular signal, and the observer will notice 
that one of these is much more sharply defined. The coil system 
may be lined up manually. To do this, remove the top of the coil 
housing. The lead from the grid terminal of the receiver (the 
right-hand compass loop terminal to which the compensating con- 
denser is attached) must be traced through to the coil winding. 
Turn the compass coil so that the grid end—i. e.. the end to which 
this lead is attached—faces the starboard side of the vessel, with 
the plane of the winding fore and aft, estimating this align- 
ment of the coil winding as closely as possible. The coil system 
is then held rigidly, the dial set screws loosened and the dial 
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rotated until the 180-degree mark is directly in line with the 
pointer. 

The dial may be more accurately set by directing the calibrat- 
ing vessel to hoid a position dead ahead, and send dashes for 
several minutes. The vessel need not lie exactly dead ahead— 
5 degrees either side of 0 degree (relative) will serve the purpose, 
provided her visual bearing is observed simultaneously with the 
radio, The compass observer selects the sharp minimum, the coil 
system is held rigidly on that bearing, and the dial is then 
adjusted to read 180°. 

The next step is to blacken the section of the dial not to be 
used, This area will extend from 210° to 30° exactly, in a 
clockwise direction, 

Planning the 31-955. (1) The calibration should be carefully planned, par- 
calibration, . . . * . . 
ticular attention being given to the choice of personnel for ob- 
servers, The next consideration is the type of calibrating vessel, 
or, to express it differently, the source of radio signals. 

(2) This source may be either: 

(a) A destroyer. 

(6) A mine sweeper or tug. 

(ec) Any craft with radio transmitter over 1 kilowatt. 

(d) A land station. 

(3) The requirements of the source of signals are: 

(@) Ability to withstand abnormally heavy duty, i. e., 
transmitting long dashes for several hours with 
high power. 

(0) Ability to hold a clear note under above conditions. 

(¢) Sufficient power to give a sharp minimum on the radio 
compass to be calibrated. For this purpose trans- 
mitters under 1 kilowatt are not entirely satisfactory. 

(d@) Sharp tuning, 

(e) Preferably the transmitter should have a spark fre- 
quency of 1.000 obtained from a 500-eycle transmitter, 

(4) Whenever possible it is advisable to calibrate destroyers 
in pairs, each circling ihe other. Mine sweepers and tugs have been 
used with entire satisfaction; subchasers. on the other hand. 
usually prove unsatisfactory, as their power source is insufficient 
and not designed for continuously heavy duty. 

(5) The use of land stations for calibration purposes is not 
urged, although they may be used if no other source is available. 
With a fixed transmitter it becomes necessary to swing the vessel, 
If sufficient care is exercised in swinging the vessel within a very 
restricted circle, this method should prove satisfactory. 

Location sult- 31-956. (1) Having selected the calibrating vessel, the next 
able for calibra- : . : : . 

toa, step is to select a suitable stretch of navigable water in which to 

perform the calibration. It is well to state here that it is im- 

possible to calibrate the radio compass with the vessel tied up 

at the dock. When using a destroyer or other craft with a trans. 

mitter of 2 kilowatts or over as the calibrating vessel, the radius 

of the vessel’s encircling course should preferably be not less 

than 4 miles. If the power of the transmitter is insufticient to 

give a minimum of one-half degree or less, the radius may be 
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reduced to 2 miles, although there is danger of considerable error 
at a short radius, due to the fact that it is difficult to determine 
the exact center of radiation of the calibrating vessel’s antenna. 
To express this differently, the center of radiation of an antenna 
is not necessarily the lead-in. In fact, on the newer types of 
destroyers (with the inverted L antenna, main radio room for- 
ward) experimental data indicates the true center of radiation to 
be slightly forward of the bow. Thus, if the calibrating destroyer 
were brought within a radius of a mile or so from the compass and 
swung, using the lead-in of fhe main antenna as a pivot, the ob- 
served radio bearing would alternately increase and decrease, 
becoming correct only when head on or away from the compass, 
If swung with the bow as a pivot no appreciable variation of 
the radio bearing would be observable. When the calibrating 
vessel possesses a T antenna the lead-in may be assumed as the 
approximate center of radiation, Errors that may be appreciably 
great at a short radius become vanishingly small as this distance 
is increased. In the calibration of radio compass shore stations 
any possible error due to this condition is balanced out by making 
a reverse run, using the same visual target on the vessel, which 
may be a mast or a stack, for both runs. As time’is usually not 
available in ship calibrations for such a degree of refinement, it 
hecomes more essential to keep the radius large and to sight on a 
point as close to the true center of radiation as possible. 

(2) Smooth water should preferably be chosen when perforr- 
ing the calibration, since the yawing or sudden swinging of the 
vessel to be calibrated may seriously interfere with the accuracy 
of hoth the compass and visual observations. 

31-957. The instrument most commonly used for determining ,,,Us* of the pa 
the visual or relative bearing is the pelorus. The general pro- 
cedure is to use the two bridge peloruses, changing from one to 
the other to obtain an unobstructed view. It is most important 
that these peloruses be checked previous to calibration, as con- 
siderabie errors in both peloruses have frequently been found. 

This method necessitates the use of a stadimeter or range finder 
with subsequent computation of parallax arising from the dis- 
placement of the radio compass installation and the bridge. 

81-958. The laborious procedure of computing parallax, as well _ Eliminating 

as the possible errors arising from it, may be obviated by mount- ieee 
ing a pelorus and stand on top of the radio compass coil housing. 
This method has been very successfully used—the obscured sectors 
due to the superstructure of the vessel and the mainmast are not 
extensive, and the angular increment of the calibrating vessel may 
be readily plotted against a time abscissa. 

81-959. Due to the numerous adjustments of the receiving , The compass 

observer — mars 
apparatus and the possibility of interference from extraneous system. 
signais, compass observations can not always be made at a pre- 
seribed instant. The most reliable method is for the compass 
observer to give a “mark” signal the instant he has obtained the 
hearing, followed a second or so later by the value of the bearing 
in degrees and estimated half or quarter degrees. The “mark” 
signal should be relayed instantly through the voice tube to the 
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bridge by the assistant and the observed radio bearing recorded. 
On the bridge the “mark” signal must be repeated instantly by 
the assistant to the pelorus observer, who is standing by. The 
pelorus observer having obtained his bearing, to a half or quarter 
degree, greater accuracy not being required, informs his assistant, 
who in turn relays the data through the voice tube to the recorder. 
This plan has been used satisfactorily during many calibrations. 
It requires quick action by all hands and a short drill immediately 
preceding the actual calibration will insure perfect cooperation, 
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(2) If the pelorus is mounted on top of the compass coil hous- 
ing, the assistant may conveniently stand on the deck to relay 
the ‘‘mark” signal from the compass observer to the pelorus 
observer and take down the data. With this method, as the 
calibrating vessel is approaching or emerging from either ob- 
scured sector, the pelorus observer should inform the data 
recorder, so that the time, in minutes and seconds, at which the 
observations were made may be recorded. The time at which 
the radio bearings are observed, within the obscured sector, 
should, of course, be noted and plotted. 

31-960. The angular velocity of the calibrating vessel and 
the rate of taking bearings are important considerations. 
It has been found that the most satisfactory results are ob- 
tained when the calibrating vessel moves at a rate of ap- 
proximately 2 degrees in a minute of time. At this rate the 
entire circuit may be made in three hours. A greater rate in- 
creases the possibility of observational inaccuracies and a lesser 
rate consumes more time than is actually necessary. <A radio 
compass observer should bear in mind the fact that a few good 
bearings are vastly superior to a multitude of scattered ones, 
Under normal conditions he should be able to average one to 
two observations in a minute of time. 

Instructtongs 31-961. A complete understanding should be had with those 
for calibrating on board the calibrating vessel. A radius of the calibrating ves- 

sel’s course should be laid down, as well as her speed. Her 
radio operator should be instructed to send, continuously, dashes 


Speed of cali- 
‘brating vessel. 
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of 10 seconds duration with an interval of 5 seconds for a period 
of 10 minutes, followed by a 1-minute interval of listening for 
any communication, repeating this performance until further in- 
structed. Some calibrators prefer the MO signals, others the let- 
ter J. The type of signal to be used is optional, provided the 
spaces between the signals are not too great. The radio operator 
should endeavor to keep the radiation constant and the note clear. 
If for any reason the transmitter should become inoperative he 
should notify the navigation officer to stand by until repairs have 
been made. In continuously heavy duty of this character it is 
advisable to cool the spark gap with a fan. 

31-962. A summary of the important details connected with the 
preparation for calibration follows: 

(1) The wiring of all connecting leads and the disposition of 
apparatus must be such as to give the minimum capacity to 
ground, 

(2) No metallic closed loops, such as are formed by intercon- 
nected mast stays, should exist in the vicinity of compass coil. 

(3) All metal objects of appreciable dimensions should be re- 
moved from the immediate vicinity of the compass coil and the 
rat-tail of the auxiliary antenna must be securely held in a per- 
manent position. 

(4) The receiver must be functioning properly both in control 
of oscillations and of amplification and be free from excessive 
telephone noises. 

(5) he loop inductance switch (Si 1512 compass) must be in 
good condition. This is evidenced by the receiver calibration. 

(6) The sharper of the two minimu is to be selected as the 
pointer. 

(7) The dial is to be properly adjusted and the seale from 210 
to 30 degrees painted black. 

(8) The bridge peloruses must be checked, or if the pelorus is 
placed on top of the coil housing it must be properly set up. 

(9) A means of communication between the compass observer 
and the pelorus observer must be established, with assistants 
advantageously placed to relay the mark signals. 

(10) The “mark” system should be understood by all hands, 
and the assistant nearest the compass observer entrusted with the 
duty of recording the data. 

(11) Instructions should be given the navigator and radio 
operator of the calibrating vessel concerning the duties they are 
to perform, 

(12) During the calibration all antennas on the vessel must be 
open. 

81-963. The calibration may be begun on any convenient quar- 
ter. However, if the calibrating vessel can be held for a few 
moments on a position either dead uhead or astern, the setting of 
the dial may he performed more accurately than by the manual 
method. The reason the dial is best set on either of these two 
positions is that the deviation curve passes through zero (i. e., 
there is ne deviation) close to these two points and there the dial 
muy be set to correspond with the pelorus reading and also 


31-203 


Summary of 
important de- 
tails. 


Setting the 
ial, 


31-204 


Example of 
calibration. 


Communicating 
with calibrating 
ressel. 


The calibra- 
tion curve. 


CHAPTER 31, 


because there is no appreciable parallax, if bridge peloruses are 
used. When time is not available for this procedure, the calibra- 
tion may be run, data plotted, and dial afterwards shifted suffi- 
ciently to balance the deviation equally on both sides of the zero 
axis. This requires considerable care, since the results of the 
entire calibration may be ruined by incorrectly placing the dial. 

31-964. (1) AS an example of the calibrating procedure, using 
the half-scale method, consider the calibrating vessel starting her 
circuit at a relative bearing of 0°. The zero section of the radio 
compass dial is painted black. However, a compass bearing will 
be obtainable in the region of 180° on the dial. At the instant 
of obtaining the radio bearing the observer calls “ mark ”’—the 
assistant relays the “mark” to the pelorus observer—the radio 
compass observer calls off the bearing in degrees and estimated 
fractions (half or quarter degrees)—the recorder writes this 
down in the proper column of form shown in Table I. 3fean- 
while the pelorus observer takes his observation (to the nearest 
half or quarter degree) and relays the bearing (through his 
assistants) to the data recorder, who writes down the pelorus 
observation in the proper column adjacent to the corresponding 
radio bearing. With a little practice this system may be worked 
easily and without confusion. Ten seconds should be ample time 
to obtain and record a single bearing. Should any confusion 
arise, the questionable bearing must be eliminated. 

(2) This procedure is- then earried on until the calibrating 
vessel has reached a radio bearing of 210° (or over). When the 
observed bearing falls on the blackened section of the dial, the 
coil must always be reversed, and the reciprocal bearing used. 
If the last observed radio bearing was 210°, the reciprocal bear- 
ing will be found in the vicinity of 30°. 

(3) The calibration is then continued, using dial reading from 
30° on, until the observed radio bearing once more falls on the 
blackened scale at 210°, corresponding to the calibrating vessel’s 
relative position of approximately 210°. As the vessel con- 
tinues to advance beyond this point the coll system must once 
more be reversed and, as the vessel continues from 210° to 360°, 
relative bearing, the corresponding radiv compass readings will 
advance from 20° to 180°, approximately. 

(4) The variation of the compensating condenser should be 
noted and recorded. These observations (in degrees) may be 
recorded at about every 10° of azimuth. 

31-065, During the calibration the radio compass observer may 
communicate with the calibrating vessel whenever necessary, 
using the auxiliary radio transmitter. 

81-966. The data may best be plotted in the form of a curve, 
The large size cross-section paper (10 lines to the inch) is suit- 
able, 18 spaces being required for the abscissa (radio compass 
hearing) and 87 spaces for the ordinate (relative bearing). When 
the paper has been properly drawn up and the degrees marked, 
the observed peints may be placed in position. Begin at the 
first observed radio bearing on data sheet and note its value and 
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the corresponding pelorus reading (corrected pelorus reading if 
the bridge pelorus has been used.) Next, place a point on the 
cross-section paper at the exact intersection of the lines corre- 
sponding to these values of radio compass and relative (pelorus) 
bearings. Continue placing these points until all the observations 
have been recorded, <A curve may then be drawn (with the 
aid of a French curve) through the average of these observed 
points. The closeness with which these points adhere to this 
line is an indication of the accuracy with which beth sets 
of observations have been made. This curve represents the 
deviation of the radio compass. Curves showing variation of 
the compensating condenser should be plotted, using the observed 
bearing as the abscissa, as in the plotting of the deviation curve. 


31-205 


31-067. (1) The next step is to make up a typewritten form ,, The correction 


of deviation values, as shown in Table II. The corresponding 
relative bearings (two) for every radio compass bearing are to 
be obtained by noting where the vertical line corresponding to 
the particular radio compass bearing intersects the curved lines 
which have been drawn through the average of the plotted points. 
At the exact intersections the corresponding relative bearings 
(two) whose horizontal lines intersect the curves must be noted 
and recorded as in Table II, This is to be done for each degree 
(compass bearings). 

(2) When this has been completed, copies should be placed in 
the ship’s files, a copy placed conspicuously in the compass radio 
room and a copy forwarded to the Bureau of Engineering, aceom- 
panied by a copy of the calibration and compensation curves, 
together with a complete report describing all the features of the 
calibration. 

(3) The radio compass is now ready for subsequent operation. 


TasLe Il.—Correction sheets for radio compass bearings. 


U.S. Se Calibrated___ 
i i 
Kelative bearings. | | Relative bearings. 
Observed || Observed 
bearing. bearing, 


No. 1. No, 2. 


I 
i 


No. 1. | No.2. ; 
I 
i 
| 
! 
| 


1 


PART 7.—CALIRRATION OF U. S. NAVAL RADIO COMPASS SHORE STATIONS. 


31-968. (1) The necessity for the calibration of the radio com- 
pass, whether installed on shipboard or on shore, arises fram the 
fact that certain deviations are observed between the true bearing 
and the radio compass bearing when rotating the loop through 
its azimuth. Repeated tests have shown that these deviations 
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have, normally, a constant value when the incoming signal is 
within a certain band of wave lengths, and that the radio compass 
can be relied upon to give accurate bearings when properly cor- 
rected by a table of deviation values to be applied to the radio 
compass values. The procedure is to rotate a radio transmitter 
about the radio compass to be calibrated, taking simultaneous 
readings of both true and radio compass bearings. 

(2) The two most important facts to be kept in mind in planning 
any calibration are, first, the reliability of the personnel and, 
second, the perfect cooperation between the ship and the cali- 
prating party ashore. The duties of the radio compass observer 
and the transit observer demand men in whom reliance with 
regard to accuracy aS observers and conscientious performance of 
duty can be placed. In the case of a station already in commission 
it is well to utilize the personnel attached to the station whenever 
possible. The officer in charge of the particular station, usually a 
chief radioman, can in most cases be considered an efficient radio 
compass observer. Thus a twofold benefit is derived, namely, the 
necessity of transporting a trained man from the radio material 
office is obviated, and the officer in charge of the station is made 
much more familiar with the operation of his station throughout 
itsentire azimuth. This also is conducive toward a greater interest 
in his own station. The other operators may generally be utilized 
as data recorders, or in the lines of communication. The transit 
man, on the other hand, is usually not to be found among the 
station personnel, and for this position a man thoroughly familiar 
with the operation of the transit (or theodolite) is essential. 

(83) The necessity for cooperation between the ship and the 
calibrating party ashore should be emphasized. Experience has 
shown that unsatisfactory results, as well as long delays, have 
been caused by the commanding officers of the calibrating vessels 
misconstruing instructions and at times not complying with re- 
quests that were deemed essential by the calibrating party. Offi- 
cial orders should be issued by the commandant of the navy 
yard to the commanding officer of the vessel, when this officer 
reports for duty, that during the period of actual calibration the 
vessel is to be maneuvered in accordance with the requests of 
the person in charge of the calibrating party; however, through- 
out the calibration the responsibility of keeping the vessel in 
safe waters remains, in accordance with navy regulations, upon 
the commanding officer. 

pt aeetiee of 31-969. In case the receiving apparatus has not been calibrated 
nt the time of installation. the wave-length range of the receiver, 
with extreme limits of compensating condenser, also with different 
taps of inductance when using the type SE 1012 receiver, should 
be measured with a wavemeter coupled to the radio-compass 
coil, and curves plotted for the information of the operating 
personnel. 

ee 31-970. All land lines must be completely installed and in 
operating condition previous to calibration. All radio antennas 
should be erected and proper precautions taken to jnsure that 
the antennas are disconnected at all times by means of the 
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standard anchor gap, and that the transmitting apparatus is in 
working order. 

31-971. The vessel should be moved to a position approximately Setting the 
at right angles to the shore line. If the vessel is head on to the “"" 
radio compass house in this position there will be normally very 
little deviation in the wave front, and the true bearing as observed 
by the transit may be used as the setting for the radio compass 
dial. In certain cases a fixed radio transmitting station, prefer- 
ably one from which the signals travel entirely over water, may 
also be conveniently used for this purpose, providing the signal 
intensity is sufficient to give a good minimum. 

31-972. While there have been cases in which two men have, he, calibrate 
successfully accomplished the calibration of a radio compass 
station. it is not a good policy to attempt to thrust too many 
duties on any one man in work of this nature. The following 
personnel generally constitute the ealibrating party: 

The executive (plotter). 

The radio compass observer. 

The transit observer (two required in obscured sector). 
The data recorder. 

Two radio operators are required in obscured sector. 

31-973. The following list of material will be necded: Material ree 
One transit or theodolite (two for obscured sector). quired. 
One three-arm protractor (for use in obscured sector). 
Several large scale Coast and Geodetic charts. 

Cross-section paper for deviation curves. Form N. Eng. 2 
(see articles 31-977 and 31-978). 

Data forms. 

French curves, pads and pencils. 

India ink, drawing instruments, and bottle of clear lacquer. 

Two radio receivers and portable antennas for use in the 
obscured sector. 

31-974. The following directions should be given the radio Directions 
operator on the vessel: given to opera: 

(1) Previous to starting the run, tests are to be made for ing vessel. 

tuning, wave length, clarity of note, and requisite power, followed 
py tests for the setting of the dial at the radio compass station. 
The vessel to send continuous dashes of ten seconds duration 
with five-second intervals for five minutes, followed by 4 one- 
minute period of listening for communications from the radia 
compass station. If no messages are received the above schedule 
is to he repeated. All radio messages are to be promptly for- 
warded to the commanding officer. The same transmitting 
schedule is to be followed in the running calibration. 

(2) In the obscured sector, when informed by the commanding 
officer that the vessel is on position, he notifies the compass sta- 
tion and stands by until ordered to transmit. Every test on each 
position should contain a prefix stating the serial letter for the 
sector and serial number for the particular test. The command- 
ing officer will keep the radio operator informed of the position. 

(3) On fixed positions the transmitting schedule will be the 
customary ten-second dashes for a period of three minutes, fol- 
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lowed by listening in for one minute, continued until notified by 
the radio compass station to proceed to next position, when he 
shall relay the information to the commanding officer and stand 
by for next position. This procedure is to be followed throughout 
the obscured sector. 

(4) In case of breakdown in the radio transmitter, the operator 
should notify the commanding officer at once, so that the vessel 
may lay to until the transmitter has been repaired. 

(5) The operator should give particular attention to the spark 
tone and the radiation, endeavoring to keep these constant at all 
times, 

(6) All messages relating to the calibration will be treated 
as official. 

(7) Written directions covering all these features should be 
given the radio operator. 

evan 31-975, (1) The selection of the proper type of vessel is an 
important consideration. It is an important policy to request the 
assignment of destroyers for this work whenever practicable; 
however, other vessels, such as tugs and mine sweepers, have been 
used. Subchasers have proven unreliable, first because the radio 
transmitter lacks sufficient power and their direct current generat- 
ing system is not designed for continuous duty ; second, because 
the subchaser presents a poor target for the transit. 

(2) The transmitter on the calibrating ship should be capable 
of withstanding abnermally heavy duty. Preferably the appa- 
ratus should be a 500-cycle quenched gap transmitter, power 
rating not less than 2 kilowatts, able to maintain a clear note 
under continuous operating conditions. The apparatus must be 
carefully tuned to the calibrating wave length. The radio com- 
pass operating wave length fer shore stations established for the 
United States is 800 meters. 

(3) To insure complete cooperation, it is always advisable to 
familiarize the commanding officer of the vessel with the details 
of the calibration. In conference with him, the calibrating course 
of the vessel is to be settled and marked on the chart. As the 
nature of the coast varies greatly with different localities, it is 
impossible to promulgate a definite plan for the course of the 
vessel. However, the following features are important: 

(a) The vessel must be visible from the compass station, or, in 
the case of the obscured sector, from the triangulation points. 

(b) The optimum radius of the circle is approximately 5 miles. 

(ce) As viewed from the compass station. the vessel should move 
with an angular advance of not greater than 2° in a minute of 
time. 

(d) During the continuous calibration, at the end of the visible 
Sector course, the vessel reverses her direction, repeating the run 
to balance out any errors due to time lag between compass-transit 
readings and to the fact that the center of radiation of the vessel’s 
antenna is not necessarily the lead-in. 

(e) In the obscured sector the vessel is to hold to fixed posi- 
tions headed toward the radio compass station. The positions 
to be not greater than 5 degrees apart as viewed from the radio 
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compass station. Each fix will require three minutes of time for 
transmitting. If there is more than one obscured sector it is 
advisable to letter each sector serially and to number each posi- 
tion serially. 

(f) The searchlight may be used advantageously in thick 
weather. Its rays can be clearly seen at times when the ship is 
entirely obscured. 

(g) In particular cases when the vessel can not operate within 
visible range of the compass station due to shallow water, the 
calibration may be satisfactorily performed at night, using the 
searchlight. 

31-976. (1) The visible sector should always be calibrated first, 
making both runs. This shows what may be expected in the 
obscured sector. When shifting from visible to obscured sector, 
or between two obscured sectors, an overlapping of sectors is 
advisable in order that an accurate check on the triangulation 
set up may be obtained. 

(2) In the obscured sector the mark system is handled by radio 
from the compass station. When proceeding to obtain a bearing 
a “get ready” signal, two dots, is given by the observer at the 
radio compass, then a long dash when bearing is obtained, fol- 
lowed by a Serial number repeated several times. To prevent 
interference from these signals the transmitter should be tuned to 
a wave other than the calibrating wave. This procedure is advis- 
able because, unless anchored, the wind or tide may carry the 
vessel along rapidly. 

(3) Should a sudden change of deviation value be observed, the 
procedure in seeking the cause of this trouble is as follows: 

(@) Recheck transit set up on landmarks. 

(0) Test “peep sight” alignment of coil system. 

(c) Note any possibility of grounds or open circuits in the 
wiring of the apparatus. 

(d) Investigate any possible change in communication 
lines, also the antenna system at the station if there 
be one. 

(4) During the calibration of the obscured sector, if the devia- 
tion values fail to fall on the curve, it is advisable to obtain 
additional points between those previously obtained. 

31-977. During the running calibration the divergence of the 
radio compass bearing from the true bearing should be plotted in 
the form of a deviation curve, using Form N. Eng. 29. When the 
radio compass bearing is greater than the true bearing, the 
deviation is considered negative. The value of this deviation 
is the ordinate while the abscissa is the radio bearing for this 
particular observation. Distinctive markings should be used in 
plotting the two courses of the ship. 

31-978, The data obtained from the compass and transit ob- 
servations should be each averaged for every fixed position and 
plotted on a large-scale chart with a protractor, To do this, the 
protractor is set on a true meridian running through the triangu- 
lation point; the moving arm is then adjusted to correspond to 
the average of the transit readings for the particular position 
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of the ship and a pencil line drawn on the chart, This operation 
4s repeated from the other triangulation point, and the resulting 
intersections marked with the proper serial letter. The pro- 
tractor is then set on the radio compass station in the same 
manner and the true bearing of the intersection read directly 
from the protractor. The deviation of the radio bearing at this 
angie is plotted as in the visible sector. In case the position of 
the vessel is determined from sextant angles, the three-arm pro- 
tractor must be used to mark the location on the chart. 

831-979. A curve showing the variation of the compensating con- 
denser in degrees over the calibrated sector should be plotted. This 
curve may prove of value in a theoretical study of the deviation 
curve and may also be used as a guide in the future operation of 
the station. This variation curve may conveniently be plotted 
with the deviation curve, using Form N. Eng. 29. The two curves 
should be distinctly marked. 

31-980. A report incorporating all the features of the calibra- 
tion should be written and submitted to the district radio material 
officer. The deviation curves incorporated should contain the 
points indicating the values obtained. This report should in- 
clude a complete description of surrounding conditions ( topog- 
raphy) ; also, in the case of a subsequent calibration of the same 
Station, any changes in topography or overhead wiring, ete. 
should be noted, 

PART 8.—OPERATION. 


31-981. The operation of the radio compass in taking a bearing 
is the same whether it is a ship or shore installation. The same 
procedure is followed when taking a bearing with a calibrated 
radio compass as when calibrating. The deviation of the radio 
compass was determined during the calibration and the curve 
drawn. In that case the bearing of the transmitter was taken 
visually. After calibration entire dependence is placed in the 
calibration in order to find the bearing of the transmitter without 
resort, of course, to any visual means. It is therefore necessary 
that the deviation as found during the calibration be applied to 
the bearings read on the radio compass dial in conjunction with 
the bearing of the ships ahead. The result will be the true bear- 
ing of the transmitter from north (zero degrees). 

31-982. Bearings should invariably be taken in accordance with 
the folowing procedure: 

(1) Take bearing preferably with clear tone signal. or eise full 
oscillating condition, With receiver oscillating, the minima are 
much more sharply defined. However, interference will obscure 
an otherwise good minimum, because tonal selectivity is lost. 

(2) Tune signal carefully, with coil system at or near the 
maximum. 

(3) Rotate coil system through the null point of the signal, 
oscillating to and fro, finally ceming te rest at estimated center 
of the “minimum.” 
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(4) Adjust compensating condenser carefully, in the same man- 
ner as the coil system is rotated, seeking the exact center of the 
“minimum.” 

(5) Retune carefully. (Always tune with compass coil off the 
minimum.) 

(6) Repeat 3. 

(1) Repeat 4. This operation is now to be repeated in conjunc 
tion with the rotation of the coil system. The final adjustment of 
compensating condenser and coil should give a point of silence on 
some particular bearing. It is well to note here that there are 
some compass stations at which absolutely silent minima are 
unobtainable, although these minima are exceedingly sharp and 
the station operation is excellent. The width of the zone of 
silence depends on the power of the transmitter, the distance of 
the transmitter, and the sensitivity of the receiver. 

31-983. The following precautions should be observed: 

(1) Never attempt to obtain bearing with receiver regenerat- 
ing or barely oscillating, as in this condition the circuit is very 
sensitive to any changes in its decrement which will result from 
the adjustment of either tuning condenser or compensating con- 
denser. Due to the variation in signal intensity resulting from 
these changes proper operation will be difficult. If signal in- 
tensity is low, regeneration should be used after ali adjustments 
of tuning and compensation have been made. 

(2) Adjust tuning condenser for maximum signal intensity, 
All tuning must be done with the coil off the minimum. Incor- 
rectly tuned circuits will result in erroneous bearings. 

(3) Do not swing coil through a large are. Ten degrees either 
side of null point is sufficient at start; after retuning and re- 
compensating, the swinging of the coil should be further re- 
stricted to about 1 to 3 degrees on either side of null point, 
depending on the sharpness of the minimun.. 

(4) At stations where compensating condenser values change 
greatly throughout the azimuth the detuning may be considerable. 
Therefore the necessity for retuning is important. 

(5) When coil system and compensating condenser have been 
successively adjusted to give a silent point, the entire attention 
may be devoted to the coil system. The coil system should be 
slowly rotated within restricted arc, careful attention being given 
to estimating the true center of the minimum. 


PART 9.—FAUT.TS AND REMEDIES, 


31-984, Should the compass station be a new one and difficulties 
ensue during the calibration, the remedies outlined in the follow- 
ing should remove the difficulty. On the other hand, if the pre- 
vious calibration of the particular station has proved satisfactory 
and good minima have been obtained throughout the operating 
sector, it is but reasonable to expect the station to continue to 
operate In the same manner. If, however, a considerable change 
in the quality of the minima throughout the operating sector or 
in any particular part of the sector should be experienced, the 
following remedies are to be studied and applied. 
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(1) Broap WITH RESIDUAL SIGNAL, 

Possible causes.—(a) No compensation (open circuit). 

(0) Near-by grounded antenna. 

(¢) Communication lines not drained. 

(d) Grounding of radio compass apparatus, wiring or batteries, 

(€) Moisture on coil windings, or terminal ring, 

(f) Weak signals. 

(g) Faulty screening of operating room. 

Remedies,—(a) Overhaul wiring, particularly compensating 
condenser connections, 

(b) Note condition of anchor gap in antenna lend, This should 
be open. Test across this gap with battery and buzzer. 

(c) All communieation lines should be adequately drained of 
radio-frequency current by means of 1 uf condensers. 

(d) (e) Test insulation of radio-compass circuits for grounds, 

({) Broad minima are caused by weak signals. 

(g) The screening of the operating room must be kept intact. 
This is very important at certain compass stations. On ships the 
room is usually built of metal. 

(2) Broad WITHOUT RESIDUAL SIGNAL, 

Possible causes—(a) Insufficient power at transmitter. 

(6) Transmitter beyond normal working range. 

(c) No oscillations or amplification. 

Remedies.—(a) (b) The normal operating range of SE 515A 
radio compass is from 100 to 150 miles with 2-kilowatt trans- 
mitter, the SE 1512 and SE 995 considerably less. When signals 
from 2-kilowatt transmitter are silent over a dial reading of 
about.2°, the transmitter is beyond the normal working range of 
station. 

(3) VERY SHARPLY DEFINED. 

Possible causes.—(a) Transmitter with excessive power. 

(0) Transmitter very near at hand. 

(c) Excessive amplification. 

Remedies.—(a) (b) This condition is not considered as un- 
favorable. In fact, it contains all that is desirable in radio 
compass operation. During calibration of a shore station the 
calibrating vessel usually transmits with 5 kilowatts, keeping a 
radius of 5 miles. This results in a minimum about one-half of a 
degree in width. If, however, the calibrating vessel approaches 
the compass station to within a radius of a mile or so, the mini- 
mum may be so sharply defined as to be scarcely obtainable; in 
fact, merely touching the compass wheel may result in a tre- 
mendous change in signal intensity. 

(¢) Amplification may be reduced. 

(4) VARYING DEGREES OF SHARPNESS THROUGH AZIMUTH. 

Possible causes—(a) Grounded antenna near by. 

(bv) Communication lines not drained. 

(c) Location of station. 

(d) Closed metallic loops near by. 

Remedies.—(a) (6b) To a certain degree slight variations in 
the quality of the minima are found at all compass stations. If 
this defect should become very pronounced. it may be concluded 
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that the trouble is purely local. Test antenna. Test communica- 
tion lines. 

(c) See articles 31-931, 31-032, and 31-933. 

(d) All mast stays near compass coil should be insulated, pref- 
erably at the top. (See article 31-929.) 

(5) STATIONARY (ERRONEOUS BEARINGS). 

Possible causes—(a) Near-by grounded antenna. 

(b) Communication lines not drained. 

(c) Closed metallic loops near by. 

” Remedies.—(a) (b) With near-by grounded antenna, especially 
if tuned to particular wave lengths, the compass will point to 
antenna, due to its reradiation. This is prevalent on shipboard. 
Undrained communication lines have been the source of station- 
ary minima at shore stations. (See par. 4 (4, b).) 

(ec) See paragraph 4 (d). 

(6) APPARENT SHIFT OF (ERRONEOUS BEARINGS). 

Possible causes.—(a) Mechanical slip in coil system. 

(0) Communication lines not drained. 

(c) Grounded antenna near by. 

(d) Grounding of R. C. circuit wiring or batteries. 

(e) Diurnal variations of fixed transmitting station. 

({) Diurnal variations at compass stations. 

(g) Faulty screening. 

(h) Improper operation. 

Remedies.—(a) Test coil system alignment with peep sights, 
This slip may occur at (1) the center casting, (2) the shaft 
coupling, (3) the dial, (4) the hairline indicator. Auy slip will 
give a constant error for all bearings. 

(b) (ce) See paragraph 4 (a, Bb). 

(d) Test. 

(e) This is a research problem at present being studied. Cer- 
tain variations in the bearings of fixed transmitting stations have 
been observed, although it is difficult to differentiate between the 
variations in the transmitter and those prevailing at the compass 
station. (See (f).) 

(f) Experiments indicate that bearings on fixed transmitting 
stations within the operating range and situated at points where 
no land intervenes remain constant to within one degree. Bear- 
ings on fixed transmitting station over land and particularly when 
tangent to iw coast line are subject to sume diurnal variations. 


(See par. (c) (d).) 
(g) See syaragraphe 1 (4), 10 (Ce). 


(h) Study operating instructions carefully. 

(7) Nor opposite (180° displacement). 

Possible causes—(a) Extrancous in-phase current in compass 
coil, 

Remedies.—(a) The ideal condition of having the two minima 
exactly opposite is seldem found, A displacement of 8 degrees 
is not considered abnormal; however, if displacement exceeds 
this value the operation of the station becomes questionable, as 
this indicates an excessive amount of extraneous in-phase current 
is being induced into the coil system, which effect is subject to 
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Some variation. The amount of this displacement will vary 
throughout the azimuth. Test antenna, paragraph 1 (b). Test 
communication lines. 

(8) EFFECT OF INTERFERENCE ON, 

Possible causes—(a) Receiver oscillating, 

Remedies. —(a) With the receiver oscillating, the tonal selec- 
uvity of signals is lost, making it most dificult to obtain minima 
on any particular signal through interference. The best method 
for overcoming this is to set receiver into regenerative condition 
(clear signals) and boost amplification to highest point. Nore: 
Care must be exercised in this condition when adjusting the com- 
pensating condenser, because the tuning of the circuit is affected, 
which, in turn, is intimately connected with the points at which 
the receiver will oscillate. It is best first to loosen the back 
coupling, tune signal, compensate, retune, recompensate, then ad- 
vance to regenerative state if signals are weak. A large change 
in back coupling will affect the tuning of the circuit for very 
short waves, but is in unappreciable with the standard compass 
equipment for 800 meters. 

(9) EFFECT OF INTERFERENCE ON (TELEPHONE NOISES). 

Possible causes—(a) Defect due to compass coil, receiver, 
amplifier, telephones, batteries, connections, or extraneous causes. 

Remedies—(a) Loud telephone noises may he a source of great 
annoyance and fatigue to the operator, resulting in erroneous 
bearings. They must be eliminated. 

(10) VARIATION OF COMPENSATING CONDENSER VALUES FOR A GIVEN 
AZIMUTH, 

Possible causes.—(a) Grounded antenna near by. 

(0) Communication lines not drained. 

(ce) Diurnal variations at station. 

(d) Tuning of transmitter. 

(e) Condition of screening. 

Remedies—(a) (b) Test antenna, paragraph 1 (b). Test com- 
munication lines. 

(c) The compensation values for particular azimuths do not Te- 
main absolutely constant, but vary within restricted limits, due to 
changing conditions in the Surrounding bodies, chiefly caused by 
the degree of moisture in the air or on the surface of the ground. 
Considerable change in the deviation eurve and compensation 
values between the two extremes of very dry and very wet spells 
of weather has been observed at some compass stations. The 
importance of having a permanent ground connection at the com- 
pass station must not be overlooked. Then, too, at compass sta- 
tions where the compensation values are sharply defined, which 
is associated with sharp minima, the capacity of the operator’s 
body becomes very apparent, and changes, such as lifting or lower- 
ing the feet. may affect the compensation to a noticeable degree, 

(d) The type of transmitter on which the bearing is being ob- 
tained may noticeably affect the compensation values. There are, 
in fact, certain types of transmitters on which it is impossible 
to obtain bearings; these are likewise unresponsive to adjustments 
of the compensating condenser, (See par. 6 (e, f). 
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(e) Any radical change in the condition of the operating room 
screening may affect the compensation and also the deviation. 
This is more apparent at certain compass stations. The screen- 
ings should be kept intact and frequently inspected. 

31-985. Compass coil defects, in general, may be considered as 
mostly mechanical. The construction of the various parts com- 
prising the coil system should be thoroughly studied. The elec- 
trical defects that can possibly develop in the coil system may be 
readily located. These defects and their remedies are listed 
below: 

(1) NOISE IN TELEPHONES ONLY WHEN ROTATING THE COMPASS 
COIL, 

Possible causes.—(a) Rough, dirty collector rings. 

(0) Loose contacts at binding posts on terminal strip. 

(c) Loose, dirty ball bearings. 

Remedies.—(a) Rough collector rings should be smoothed with 
finest sandpaper and polished with crocus cloth. They should 
occasionally be given a touch of light oil and rubbed dry. There 
is a tendency for the two metals to tear, thus leaving a fine 
deposit of metal upon the ring. This should be carefully removed 
with an oiled rag or fingers, by rotating the coil system, and then 
dried. 

(6) The brass binding posts have a tendency to corrode and 
at times loosen, causing poor contact with conductor, Any vibra- 
tion or rapid rotation of coil system will produce a chattering 
under these conditions, particularly if the receiver is oscillat- 
ing. They should be removed and dipped in acid, replaced and 
greased. 

(c) Bearings should be tightened and kept well greased. If 
they have been allowed to dry out and become roughened, they 
should be replaced. The coil shaft is connected to ground through 
these ball bearings, and if their condition is such as to cause 
noises in the telephones, they may be shorted by means of a 
flexible conductor wound around the coil shaft. This trouble is 
seldom encountered. 

(2) NOISE IN TELEPHONES NOT DUE TO ROTATION, 

Possible causes—(a) Vibrating near-by metal bodies. 

(0) Defects in the receiver, amplifier or telephones. 

(c) Are mush. 

(d) Audio-frequency induction. 

Remedies.—(a) This condition is found chiefly on ships, and 
may be caused by the vibration of metal objects, such as guard 
rails, provision lockers, loose guy wires, etc., in the immediate 
vicinity of the compass coil. These objects should be located and 
grounded or insulated, as the case may be. It is imperative that 
all such objects be kept in constant condition after the compass 
has been calibrated, as any radical changes will affect the devi- 
ation. 

(b) See Section VI (A), (B), and (G). 

(ec) This is unavoidable and is very pronounced in the vicinity 
of high-power are transmitters. 
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(d) This is rarely obtained on the compass coil. (Bearings on 
induction are seldom obtainable.) It is more frequently picked 
up by the apparatus or connecting leads. 

(3) No OSCILLATIONS IN CERTAIN SECTORS. 

Possible causes.—(a) Coupling to near-by metallic circuit. 

(b) Grounded near-by antenna. 

(c) Undrained communication lines. 

Remedies—(a) This is occasionally found on ship installa- 
tions, and should be remedied previous to calibration, as it will 
affect the deviation. The immediate vicinity of the coil must be 
explored until the particular circuit is located and insulated. 
Any metallic stays in the immediate region of the compass coil 
must be broken up with insulators, preferably at the top. In 
general, there must be no closed metallic loop of large dimension 
in the vicinity of the compass coil. 

by (c) Test. (See par. 1 () (e).) 

(4) SLIp IN COIL SYSTEM. 

Possible causes.—(a) Loose center casting. 

(4) Loose coil shaft coupling. 

(c) Loose dial. 

(d) Loose hair-line indicator, 

(e) Loose wheel. 

Remedies—(a) (b) (ce) (ad) (e) All these parts have through 
bolts or set screws or both. Tests should be frequently made of 
their condition by a sudden torque of the compass wheel, followed 
by an investigation of the pecp-sight alignment. (See par. 6 (a).) 

(5) SEVERE BINDING OF COIL SYSTEM OR SCRAPING OF HAIR-LINE 
INDICATOR ON DIAL, 

Possible causes.—({a) Ball bearings dry, dirty, tight. 

(6) Table bearing tight due to tearing of bearing surfaces. 

(ec) Dial out of line. 

(d) Hair-line indicator panel too close to dial 

Remedies.—(a) The ball bearing races should be kept clean 
and well greased. 

(6) Drop some heavy oil into bearing and work slowly. If no 
improvement, disassemble coil shaft system below coupling and 
rub down end of shaft with sandpaper, replace and oil. 

(c) The type SE 515A dials may be thrown out of level by 
leaning heavily on one side. To text. remove hair-line indicator 
panel and rotate coil system, noting the rise and fall of lower edge 
of dial. This may be removed by pressing down on the high side 
and lifting on the low side. Replace bair-line indicator panel. 

(d) To minimize any errors due to parallax, the hair line 
should be held as close to dial as is practical, avoiding any scrap- 
ing. If too close, the panel may be packed out with thin sheet 
metal or paper. 

81-986. Radio compass receiver and amplifier troubles may be 
readily located by anyone who has had some general experience 
with radio receiving apparatus. ‘The compass coil system may be 
treated simply as a large inductance inserted in series with the 
secondary inductance cuntuined within the receiver. Any troubles 


a 
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that may develop, such as lack of signals, howling, ete., may be 
treated as in an ordinary receiving set. 


PART 10.—TESTING OF CIRCUITS AND APPARATUS, 


31-987. Testing of the receiving qualities of the radio compass Use of wave- 

equipment may best be performed with a wavemeter. Place the meter. 
wavemeter in close proximity to the compass coil, allowing clear- 
ance for rotation of coil system to obtain proper coupling; adjust 
wavemeter to proper wave length (800 meters) and start buzzer. 
In this manner the signal intensity, tuning of the coil system, con- 
trol of oscillations, and control of amplification may be tested. 
Should there be no response, note if all switches are thrown to 
proper positions, tubes lighted, all wiring connected, etc. Test 
telephones with low-voltage battery for characteristic click. To 
test continuity of all circuits, the telephones and battery or buzzer 
are very useful. 

31-988, (1) Disconnect leads at receiver. If circuit is open, Paani 
the characteristic click in telephones will be absent. Look for 
(@) open “ ground switch * (SE 995 installation (b) open or short 
at the protective relay (SE 995, SE 1512 installation), (¢) open 
“Joop inductance switch” in switch housing on top end of coil 
shaft (SE-1512 installation), (¢) open at terminal glock, collector 
rings and contactors (all types of installation). 

(2) Leads disconnected at receiver. If compass coil is shorted, he ands Ar nd 

it is most probable that it will be grounded, (Notr.—All radio compass coll. 
compass circuits must he kept insulated from ground at all times.) 
Test for ground with battery and telephones. (Note—There will 
be a slight click, due to capacity of coil and leads.) Or test with 
battery and buzzer. If click in telephones is strong, but buzzer 
does not operate, look for dirt, moisture, or soldering flax on termi- 
nal ring, terminal block, collector rings, contactors, and points where 
wires enter shafting. If coil is not grounded, test for a direct 
short by exciting coil with battery and buzzer connected in series 
with coil. listening in on wavemeter. The fundamental of the 
SE 515A coil is about 400 meters, the SE 1512, tap 4, about 450 
meters, and the SE 995 about 250 meters. If buzzer signals can 
not be obtained and tuned on wavemeter closely coupled, the 
compass coll will be found shorted. 

31-989. Test A and B batteries for voltage and polarity with pols oe ot ani 
voltmeter at receiver terminals. Polarity may also be tested with teries. 
a freshly cut potato; positive side turns potato green. 

31—990. Should the receiver fail to operate in “compass “  Operativa of 
position of the switch, the operation as a “receiver” should pest oad aahiner, 
tested by placing switch in “receiver” position. The coil leads 


binding pests may be connected through a small inductance 
(four cr five turns of wire) and coupled to a wavemeter. If the 
secondary controls of tuning, oscillations, and amplification are 
obtainable the inference is that the contacts of the switch are 
faulty on the “compass” side. 
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or beet cleat 31—991. (1) Should the receiver fail to function in either con- 

SE 1440 reeely- dition, the continuity of the circuits should be tested. The use of 

er. battery and telephones is recommended in this test. The araplify- 
ing transformers may be tested by connecting the telephones 
across the secondary terminals, exciting the primary by flashing 
a low voltage battery across its terminals, 

(2) Tests should also be made for the possible grounding to 
the copper shielding of the insulated circuits. The most preva- 
lent defects of the receiver are the failure of contacts to close, 
particularly the contacts on the tube sockets; the connecting 
leads seldom become disconnected. The wiring of the detector 
and 3 stages of amplification may appear complicated at first 
glance. However, a little study will show that the function of 
the switch is merely to transfer the telephones to each succeeding 
tube, the filaments of the 4 tubes burning at all times. 

(3) Howling in the amplifier is usually due to either an open 
grid connection or a disconnected transformer shunt condenser, 

Operation of 31-992. The operation of this receiver may be tested as outlined 
tive 1710 Tein art, 31-990. However, when disconnecting the compass coil 

it is necessary to short the “ secondary load” terminals. To 
remove any possibility of the trouble being in the amplifier, con: 
nect the telephones at the receiver, disconnecting the leads to the 
input terminéls on the amplifier. 

SE 1000 se- 31-993. It is well first to insure operation of the receiver before 
mee SE 1600 ; nvestigating the amplifier, Test circuits with battery and tele- 

phones. Nore: There is a characteristic difference in telephone 
click between a low-resistance circuit and a circuit containing a 
large inductance, i. e., testing transformers. 

Operation of 31-994. (1) This is a small variable condenser (0.0003 uf) and 
Nensotien eon. iS connected between the compass coil lead extending to the grid 
denser, side of the detector tube and the ground. Some compass stations 

require much more capacity for compensation than that contained 
in the SE 1762. This condenser was designed for and has suffi- 
cient capacity for the normal compass station. Should a particu- 
lar compass station require more capacity for adequate compensa- 
tion, this is an indication that the station is not well situated 
or that the condition of the antenna or communication lines is at 
fault. To test its operation (for open circuits) select some 
sharply tuned signal (wavemeter may be used), place this con- 
denser either on zero or 180° mark; tune the compass coil to the 
Signal very carefully with the tuning condenser of the receiver, 

then reverse the position of the compensating condenser, A large 
change in the capacity of the compensating condenser will alter 
the tuning of the compass coil and hence the signal intensity. 

(2) Test for short circuit with battery and telephones or 
buzzer. 

Birect-current 31-995. The direct-current resistance of any compass coil, 
Coy aR *f wound with No, 16 Navy standard bell wire, may be checked by 

measuring the length of the conductor and allowing 260 feet for 
one ohm. 

Test of com- 31-996. Communication lines and other lines entering the radio 
faunteation lines compass house, particularly when they are carried near the re- 
quency currents. ceiving circuits, are frequently a great source of trouble. causing 
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excessive amplitude in deviation and resulting in faulty operation 
of the radio compass. The trouble results from the presence of 
radio-frequency currents (signals) picked up by these wires and 
induced into the receiving circuits. To test for the presence of 
these signals, disconnect the coil leads from the SE 1440 receiver 
and ground them. Connect “loop” terminals of the receiver to 
the condenser terminals of a wavemeter. Connect another lead 
to the grid terminal and use this lead for exploring, touching it 
to the telegraph keys, relays, telephone lines, etc. The receiver 
should preferably be in a regenerative condition with full amplifi- 
cation and tuned by means of the wavemeter either to 600 or 800 
meters. If signals are heard in this way, the lines must be 
drained with condensers, shielded or removed entirely from the 
proximity of the receiving apparatus. 

31—997. (1) Installation defects usually consist of excessive fenustallation de- 
capacity to ground or direct grounding of radio compass circuits. 
In ship installations the most flagrant cases are: 

Battery leads in lead-covered wire. 

Batteries placed too close to metal bulkhead or deck. 

Coil leads or connecting leads too close to metal bulkhead. 
SE 1440 receiver too close to metal bulkhead. 

Mast stays in vicinity of compass coil form closed loop. 
Antenna lead in, 

(2) In shore installations the usual defects are the presence 
of lead and armored cable or any grounded conductors in close 
proximity to: 

The receiver, especially when the SE 1440 is used. 
The batteries. 
The telephone cords. 

(8) The remedies are obvious, In general, a minimum dis- 
tunce of 3 inches should be allowed between any of the circuits 
or apparatus and ground, the ground leads to the compensator 
and to the ground terminal on the SE 1440 receiver (SE 1512 
compass installation) being the exceptions; these leads, where 
they run parallel to the receiver, should be properly spaced. The 
importance of breaking up any closed loops of large dimensions 
near the compass coil must not be overlooked, as such loops Jave 
been Enown to cause deviations as high as 45°, The best method 
is to insert a strain insulator at the top of each of the stays, 
#roundiug these stays ut the deck. Any change of this kind 
should be done previous to the calibration, 

(4) The antenna lead in (after radio-room destroyers) should 
be brought into a grounded trunk where it passes the compass 
coil housing, and the rat-tail should be securely held in a definite 
Tecation, 

31-998, (1) In shore radio compass stations a certain ampli- ate ssn devi. 
tude of deviation is normal to the station, depending on the charac- pensation. 
teristics of the site. Thus it has been found that a compass 
station situated very close to the surf on a flat sandy beach will 
exhibit a deviation amplitude (maximum) of about three-fourths 
of a degree, increasing to about 2° for a station located 300 yards 
inland and 25 feet above sea level. At compass stations such 
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as these the compensation values throughout the azimuth will 
vary from 100 to 200 wef. Should a compass station in a similar 
location exhibit a deviation curve whose amplitude greatly ex- 
ceeds these values, the condition of all antennas and near-by 
metallic cirenits, should be investigated for the purpose of reduc- 
ing this deviation to normal. 
High rocky (2) In cases where compass stations are situated on or near 
Ereuads high rocky ground, it is impossible to estimate the deviation that 
will be normal. Such locations should be avoided as much as 
possible, and if circumstances necessitate a compass station in 
such a locality, the site should first be tested by a trial calibra- 
tion. In general, it has been found that the operation of compass 
stations exhibiting a deviation curve of low amplitude is more 
consistently accurate, 

(3) In the case of radio compass installations on board ships 
the same general conditions apply, although not so closely. as 
the factors which determine the amplitude of deviation are more 
constant. 

Infiuence of lo- (4) Neglecting the effect of local metal bodies on shipboard, it 
ceemictal baer has been found that deviation is nearly proportional to the length 
nnd height of the vessel. When extraneous effects are removed, 
the average for destroyers should not exceed 5°, For hattle- 
ships and larger vessels it will be from 20° to 25°. It has been 
very evident from work on destroyer compasses that any metal 
body in the vicinity of the coil house which forms a closed electri- 
cal loop will cause excessive deviation. Brass rails or wire rone, 
awning supports, and particularly mainmast stays forming loops 
will cause deviations as high as 45° on destroyers. When these 
influences are removed, it is found that the calibration curve passes 
through zero deviation very close to 0°, 90°, 270°, and 860°, which 
is normal, 

(5) While battleships generally show a maximum of 20° to 25° 
and are approximately 600 feet in length, one vessel, 700 feet in 
length (the Mount Vernon) has a maximum of 15°. The latter 
installation was located much higher than is ordinarily the case. 
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